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S U M M A R Y A N D C O N C L U S I O N 
1 
S U M M A R Y 
The pollution is a problem which has not only-
threatened the existance of man-kind but also of all living 
beings, the man being affected to the greatest extent. The 
wide-spread industrialization and the virtual spate in the 
discharge of toxic and often lethal materials in air, water, 
soil and the environment as a whole, has deprived the man-
kind of its peaceful habitat. The major aim of man in his 
quest for his destiny which is based fundamentally on the 
continued, uninterrupted progress of human civilization, 
brings in its wake a colossal myraid of disease and suffer-
ing which must be combatted effectively and efficiently. 
India is a developing country where rapid industria-
lization is taking place throughout the country. The indus-
trialization, no doubt, greatly improves the economy of the 
country on one hand but on the other hand the waste products 
of the industries are causing crucial effects on the fauna 
and flora which are of utmost importance in the purification 
of river water. The discharge of heavy metals and nonde-
gradable pollutants through industrial wastewaters has been 
a subject of great concern in the recent years. The toxic 
metals cause adverse effects on the living organisms. 
Almost all the metals are toxic at high concentrations 
whereas some are lethal even at very low concentrations. 
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Therefore, the presence of such substances in water beyond 
permissible levels may constitute chemical hazards and ren-
der the water unfit for beneficial uses. 
The present thesis is an attempt to characterize the 
effects of industrial and sewage wastewaters on the quality 
of river water, physico-chemical properties of soil and on 
the germination as well as growth of some economically 
important crop plants. It has been divided into the follow-
ing seven chapters: 
1. General Introduction 
2. Materials and Methods 
3. Pollution in the Ganges River (India) 
4. Heavy Metal Pollution in the Yamuna River (India) 
5. Pollution of the Upper Ganga Canal by the Effluents 
Arising from the Coal-fired Kasimpur Thermal Power 
Plant and their effects on Soil and Crop Plants 
6. Effects of Industrial Dairy Processing Effluent on 
Soil and Crop Plants 
7. Effects of Soap Manufacturing Factory Effluent on Soil 
and Crop Plants. 
The Chapter 1 'General Introduction' is a review of 
the available literature on different aspects of river 
pollution, disposal of industrial wastes on land and their 
effects on soil composition as well as on the germination 
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and growth of some crop plants. 
The Chapter 2 deals with^the materials used and the 
methodology employed in carrying out the work described in 
this thesis. It also includes the principle and working 
of an atomic absorption spectrophotometer which was used 
for determining the concentrations of heavy metals in the 
river water, sediment, plant and fish samples. 
The Chapter 3 describes the pollution in the Ganges 
River, India. The Ganges River originates in the Himalyan 
mountains and during the course of its 2523 km long journey 
it passes through Uttar Pradesh, Bihar and Bengal where it 
finally merges into the Bay of Bengal. The chapter deals 
withAthe physieo-ehemical characteristics of the Ganges 
River water and distribution of nine heavy metals (cadmium, 
cobalt, chromium, copper, iron, manganese, nickel, lead and 
zinc) in the river water, sediments, submerged plants and 
fish samples at eight sampling stations.)namely, Narora, 
Kannauj, Kanpur, Fatehpur, Allahabad and Varanasi in the 
state of Uttar Pradesh and Patna and Monghyr in the state 
of Bihar. The physico-chemical parameters determined were 
colour, temperature, turbidity, total solids, pH, total 
alkalinity, total hardness, chlorides, sulphates, phosphates, 
dissolved oxygen, biochemical oxygen demand (BOD) and chemi-
cal oxygen demand (COD). The physico-chemical parameters 
4 
showed wide fluctuations at different sampling stations. 
At several sampling stations deterioration in the quality 
of the river water was observed. 
The respective ranges of concentrations of cadmium, 
cobalt, chromium, copper, iron, manganese, nickel, lead and 
zinc determined at different sampling stations in the river 
water were ND-0.53, ND-4.89, 3.0-57.2, MD-12.90, 22.0-133.8, 
35.0-93.0, HD-2.22, 2.0-5.6 and 7.37-67.36 ug l"1; in the 
sediments were ND-3.48, 2.35-H.4, 3.12-83.16, 1.27-95.0, 
2168.0-11624.8, 110.5-470.0, 3.45-28.80, 0.55-21.8 and 
72.0-418.6 ug g" ; in the submerged plants (Eicchoraia 
crassipes) were 0.01±0.003-0.09+0.009, 1.3+0.2-10.6+2.5, 
5.2+1.2-2100.0+258.1, 5.9+0.9-39.2+7.3, 463.0+87.3-1873.0+ 
269.2, 441.1+71.3-1880.0+252.5, 5.6+1.1-23.3+3.3, 3.4+0.9-
13.7+3.1 and 17.8+3.2-232.5+47.5 ug g~1 and in the fish 
(Heteropnuestes fossilis) wereND-0.28, 0.67-7.25, 1.91-
24.91, 4.58-11.25, 134.0-1614.0, 1.41-7.41, 111.66-161.66, 
3.83-21.16 and 130.8-556.2 pg g~ on a dry weight basis. 
'-'The sediment samples collected from different sampl-
ing stations were also analysed for pH, caleium carbonate, 
organic matter, potassium and phosphorus contents. The 
mechanism of sedimentation of the metals through pH, organic 
matter and calcium carbonate has also been discussed. 
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The Chapter 4 gives an account of the heavy metal 
pollution in the Yamuna River, India. The Yamuna River 
originates in the Himalyan mountains, flowing through a 
distance of about 1376 km it merges with the river Granges 
at Allahabad in Uttar Pradesh. The chapter deals with the 
distribution of nine heavy metals (cadmium, cobalt, chro-
mium, copper, iron, manganese, nickel, lead and zinc) in 
the river water, sediments, submerged plants and fish sam-
ples at five sampling stations, namely Delhi, Mathura, Agra, 
Etawah and Allahabad. 
The respective ranges of concentrations of cadmium, 
cobalt, chromium, copper, iron, manganese, nickel, lead and 
zinc found at different sampling stations in the river water 
were HD-0.50, 0.79-9.96, 3.61-36.70, ND-26.56, 42.0-782.0, 
38.1-198.40, 2.3-9.90, ND-5.1 and 66.0-231.2 ug 1~1; in the 
sediments were HD-1.4, 1.1-29.0, 8.6-199.35, 5.5-59.1, 
2828.0-9636.0, 118.0-558.0, 4.72-39.5, 1.03-17.8 and 78.4-
321.0 ug g~ ; in the submerged plants (Eicchornia crassipea) 
were 0.025-0.122, 2.7-21.3, 4.6-64.8, 9.8-114.0, 193.0-
1835.0, 380.0-1443.0, 4.4-83.0, 4.8-30.2 and 22.1-356.5 ng 
g and in the fish (Heteropnuestes fosailis) were HD-0.40, 
2.3-13.7, 3.7-26.9, 8.33-58.1, 278.3-1108.0, 81.3-213.8, 
2.8-32.7, 1.4-12.8, and 101.8-364.8 fig g"1 on a dry weight 
basis. The data showed that there was considerable varia-
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tion in the concentration of elements from one sampling 
station to the other which may be due to the variation in 
the volumes of industrial and sewage wastes being added to 
the river at different sampling stations. The river sedi-
ments were also analysed for calcium carbonate, potassium, 
phosphorus and organic matter contents. The mechanism of 
sedimentation of the metals through pH, organic matter, 
and calcium carbonate has also been discussed. 
The Chapter 5 describes the physico-chemical proper-
ties of various effluents from the 530 MW Kasimpur Coal-fired 
Power Plant, heavy metal pollution of the water, sediments, 
submerged plants and fish of the upper Ganga Canal by the 
power plant effluents and the effects of different power 
plant effluents on the agricultural soil, seed germination 
pattern and on the growth of two economically important 
crop plants. 
The cooling tower wastes, machine washing and scrub-
ber and bottom ash effluents were analysed physico-chemieally 
for eolour, temperature, turbidity, pH, total alkalinity, 
total solids, chlorides, sulphates, ammonia-nitrogen, 
dissolved oxygen, biochemical oxygen demand (BOD), chemical 
oxygen demand (COD) and heavy metals (cadmium, cobalt, chro-
mium, copper, iron, manganese, nickel, lead and zinc). All 
the effluents were found to be alkaline in nature. The 
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scrubber and bottom ash effluent was found to contain large 
amounts of solids and possessed high BOD as well as GOD. 
The respective ranges of concentrations of the heavy-
metals (cadmium, cobalt, chromium, copper, iron, manganese, 
nickel, lead and zinc) in the cooling tower effluents were 
found to be 1.4-1.70, 4.0-6.6, 17.1-17.6, 17.0-32.0, 95.0-
115.0, 42.0-46.0, 5.0-6.8, 17.0-22.0 and 76.0-89.0 fig 1~1 ; 
in the machine washing effluent were 0.5-1.0, 10.6-13.0, 
23.5-31.8, 19.0-28.7, 108.0-127.0, 37.1-50.0, 5.3-7.6, 21.0-
23.0 and 87.0-101.0 ug 1" and in the scrubber and bottom 
ash effluent were 1.0-1.05, 18.0-21.0, 165.0-169.0, 46.0-
79.0, 90.0-208.0, 56.0-64.0, 6.0-9.0, 24.0-26.0 and 191.0-
204.0 pg l"1. 
In order to determine the effects of the Kasimpur 
Power Plant effluents on the upper Ganga Canal two sampling 
stations were established in the vicinity of the power plant, 
one at the upstream (before the water is withdrawn from the 
canal for cooling purposes and the other being at the down-
stream (after the canal had received power plant wastes). 
The respective concentrations of the heavy metals, 
viz. cadmium, cobalt, chromium, copper, iron, manganese, 
nickel, lead and zinc at the upstream sampling station in 
the canal water were found to be 0.27-0.51, 6.6-7.2, 13.52-
14.10, 11.50-13.20, 49.0-79.0, 44.5-52.3, 4.1-6.0, 1.27-1.40, 
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and 44.0-47.0 jug 1 ; in the sediments were found t o he 
0 . 8 - 1 . 1 , 11 .0 -13 .1 , 50.0-52.0 , 38 .0-40.0 , 9438.0-9501.0, 
358.0-361.2, 18 .4-21.0 , 8.0-15.0 and 99.0-121.Oyag g~1 and 
in the submerged p l an t s (Bicchoraia c rass ipes) were found 
to be KB, 5 .1 -6 .8 , 3 . 5 -7 .2 , 6 .7 -9 .3 , 422.0-446.0, 81 .0 -97 .1 , 
3 .3 -4 .0 , 1.3-1.5 and 21.0-23.5 ug g~ . The concentrat ions 
of these metals at the downstream sampling s t a t i o n in the 
canal water were 0 .32-0 .80, 7 . 4 - 8 . 1 , 22 .3-25.9 , H .02-16 .10 , 
95.0-142.0, 57.0-68.0, 6 .6-8 .0 , 1.33-2.00 and 62.65-71.00 
«ig 1 ; in the sediments were found to be 1.1-1.6, 14.2-16.0, 
123.0-128.0, 46 .0-53.0 , 10558.0-10595.0, 375.5-392.2, 2 2 . 1 -
24 .3 , 24.0-28.0 and 103.0-133.0 ug g and in the submerged 
p l a n t s (Eicchornla crass ipes) were 0 .05-0 .08, 8 .8-10.7 , 9 .9-
11.0, 10.0-11.6 , 484.0-504.0, 104.0-119.0, 5 .5 -7 .9 , 1.9-2.3 
and 23.9-25.0 iig g" , r e spec t ive ly . The concentrat ions of 
these metals in the f i sh (Heteropnuestes f o s s i l l s ) captured 
from the upper Ganga Canal in the v i c i n i t y of the power 
plant were found to be ED, 2 .6 -3 .0 , 1.3-2.0, 7 .8 -11 .3 , 
234.0-242.1 , 108.0-114.6, 2 .2 -2 .9 , 2.1-3.82 and 129.2-141.4 
Mg g , r e spec t i ve ly . 
From the analyses of water, sediment, plant and f i sh 
samples col lec ted from the upstream and the downstream samp-
l i n g s t a t i o n s i t may be inferred tha t the Zasimpur Power 
Plant i s adding considerable amounts of t o t a l s o l i d s , chlo-
r i d e s , sulphates and heavy metals (Cd, Co, Cr, Cu, Fe, Mn, 
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Ni, Pb and Zn) through its various discharges into the 
canal. 
The effects of upstream and downstream canal waters, 
cooling tower effluent, machine washing and scrubber and 
bottom ash effluents from the power plant directly on soil 
composition and indirectly on Pea (Pisum sativum) and Wheat 
(Triticum aestivum) plants have also been studied. All of 
these effluents were found to be responsible for altering 
the chemical composition of the soil. The soils irrigated 
with the different effluents in various concentrations 
exhibited an increase in pH, organic matter, calcium carbo-
nate, water soluble salts, cation exchange capacity, elec-
trical conductivity, ammonia-nitrogen and phosphorus con-
tents while the potassium content was found to be decreasing 
probably due to its leaching down to the lower layers of 
the soil. 
The effects of cooling tower, machine washing and 
scrubber and bottom ash effluents and their dilutions on 
the germination and growth of pea and wheat were also moni-
tored. The pots irrigated with undiluted cooling tower 
effluent showed 100$ germination for both the erops. The 
germination was restricted to 90$ for the two crops when 
irrigation was done with undiluted machine washing effluent 
and to 80$ and 70$ for pea and wheat, respectively when 
the irrigation was done with undiluted scrubber and bottom 
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ash e f f luen t . 
The upstream and downstream canal waters were also 
used for i r r i g a t i n g the s o i l s with and without crop p l an t s 
i n order t o monitor the e f fec t s of var ious e f f luents on the 
canal water and i t s subsequent e f fec t s on s o i l and crop 
p l a n t s . The downstream canal wa t e r - i r r i ga t ed s o i l s were 
found to contain s l i g h t l y higher values of calcium carbo-
n a t e , phosphorus, ammonia-nitrogen, pH, organic mat ter , 
water-soluble s a l t s , ca t ion exchange capaci ty and e l e c t r i c a l 
conductivi ty than the upstream canal wa t e r - i r r i ga t ed s o i l s . 
The e f fec t s of upstream and downstream canal waters 
on the germination and growth of pea and wheat seeds were 
also monitored. 100)£ germination was observed in both the 
cases . However, t h e growth of both t he crop p l an t s i r r i -
gated with the downstream canal water was found to be 
s l i g h t l y reduced. 
The Chapter 6 e n t i t l e d "Effects of I n d u s t r i a l Dairy 
Processing Effluent on Soi l and Crop P l a n t s " descr ibes the 
physico-chemical analyses of the Glaxo Laborator ies (India) 
Ltd. ef f luent (GLLE) and the e f fec t s of GLLE in four d i f f e r -
ent concentrat ions ( v i z . 25$, 50$, 75$ and 100$) on the 
chemical composition of s o i l and on the germination and 
growth of kidney bean (Phaseolus aureus) and pea r l mi l l e t 
(Pennisetum typhoides) crop p l a n t s . The GLLE was found to 
11 
be slightly alkaline and it had high BOD and COD due to the 
presence of large amounts of solids. It was also found to 
be rich in bicarbonates and calcium contents. 
The Glaxo Laboratories (India) Ltd. effluent (G-LLE) 
was found responsible for altering the chemical composition 
of the soil. The soil irrigated with all dilutions of the 
effluent showed an increase in pH, organic matter, calcium 
carbonate, water-soluble salts, cation exchange capacity, 
electrical conductivity, nitrogen and phosphorus. The 
greatest changes in the chemical composition were observed 
when the undiluted effluent was applied to the soil followed 
hy 75#, 50# and least changes were recorded with the appli-
cation of the 25$ effluent. The potassium content was found 
to be decreasing probably due to its leaching down to the 
lower layers of the soil. 
The effects of undiluted (100#) effluent and that 
diluted to 75#, 50# and 25$ on the germination and growth 
of kidney bean and pearl millet have also been studied. The 
undiluted effluent restricted the germination of kidney bean 
to some extent whereas that of pearl millet was enhanced. 
100# effluent reduced the shoot length of both the plants 
whereas 25# effluent in the case of kidney bean and 75# 
effluent in the case of pearl millet enhanced the shoot 
length of these plants considerably. 
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The Chapter 7 entitled "Effects of Soap Manufacturing 
Factory Effluent on Soil and Crop Plants" deals with the 
physieo-chemical analyses of the effluent of soap manufac-
turing factory (Prag Oil Mills, Aligarh) and its effects in 
four different concentrations (via. 25$, 50#, 75# and 100$) 
on the chemical properties of the soil and on the germina-
tion and growth of kidney bean (Phaseolus aureus) and tomato 
(Lycopersicum esculentum) plants. 
The soap factory effluent was found to be highly 
turbid, alkaline in nature (pH 9.2) and deficient in dissol-
ved oxygen. It had high BOD and COD due to the presence of 
large amounts of suspended solids. The effluent was also 
found rich in chloride and sulphate contents. 
The undiluted soap factory effluent and its different 
dilutions raised the concentrations of water-soluble salts, 
calcium carbonate, ammonia-nitrogen, potassium, phosphorus, 
sodium and organic matter of the irrigated soil. The un-
diluted (100#) effluent caused the maximum changes in these 
parameters. The electrical conductivity and pH of the soil 
also showed an upward trend. The upper layers of the soils 
receiving different effluent concentrations were found to 
contain higher values of available nutrients than the corres-
ponding lower layers. 
The germination of kidney bean and tomato seeds was 
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delayed and restricted to 90$ and 80$, respectively when 
100$ effluent was used for irrigation. However, the germi-
nation was normal in the soils irrigated with 25$ and 50$ 
effluent. The 100$ effluent retarded the growth of both of 
the crop plants. The shoot lengths and the number of leaves 
were found highest in the plants grown in the soil irri-
gated with 50$ effluent for both the crops. 
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C O N C L U S I O N 
The fundamental importance of water for l i f e on the 
ear th needs l i t t l e j u s t i f i c a t i o n . Indeed, modern i n d u s t r i a l 
developments would scarcely be poss ib le without an adequate 
supply of water of t he r igh t degree of p u r i t y . The water 
po l lu t ion i s a cosmopolitan problem which has been i n t e n s i -
fied many t imes by the rapid establishment of i n d u s t r i e s 
which discharge t h e i r untreated or p a r t i a l l y t r ea t ed wastes 
in to the nearby streams and r i v e r s , thus posing a danger to 
the qua l i t y of waters as well as t o the aquatic l i f e of 
these water bodies . 
I t has been concluded from the s tud ies described in 
t h i s t h e s i s t h a t , though, the re i s considerable d e t e r i o r a -
t i o n in the qua l i ty of the Ganges River waters at several 
sampling s t a t i o n s but at most of the sampling s t a t i o n s , the 
parameters detected were found within the permissible l i m i t s 
as prescr ibed by severa l agencies (Indian Council of Medical 
Research, 1975; Ministry of Health, Govt, of Ind ia , 1976; 
U.S. Publ ic Health Service , 1962; V.H.O., 1971). 
Considerable concentrat ion of heavy metals (Cd, Co, 
Cr, Cu, Fe, Mn, Ni , Pb and Zn) were detected in the water, 
sediments, plant and f i sh samples of the Ganges and Yamuna 
Rivers . Though, the concentra t ions of most of these metals 
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were found within the permissible limits, however, the chro-
mium concentrations in the Ganges River water at Narora 
exceeded the permissible limits whereas the manganese con-
centrations at Delhi, Mathura and Agra exceeded the maximum 
desirable limits of Indian Council of Medical Research (The 
maximum permissible limits for chromium and maximum desir-
able limits for manganese are 50 and 100 jag 1 , respectively 
as prescribed by ICMR). 
A close watch on the heavy metal pollution in these 
rivers is, therefore, suggested in order to check the in-
creasing metal levels in rivers. If the present trend of 
discharging untreated or partially treated industrial and 
sewage wastes into the rivers is to continue, the hazards of 
heavy metal pollution cannot be ruled out. The Government 
of India is, therefore, being suggested to take necessary 
steps in this regard. 
It has also been found that the Kasimpur Coal Fired 
Thermal Power Plant is adding considerable amounts of chlo-
rides, sulphates, total solids and heavy metals to the Upper 
Ganga canal. Elevated levels of chromium were found in the 
power plant effluents. The power plant effluents were also 
found adversely affecting the growth of plants. It is, 
therefore, suggested that the power plant effluents should 
be extensively treated before discharging them into the 
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rivers and canals. 
It has also been concluded from the studies presented 
in this thesis that the effluents from dairies and soap 
manufacturing factories contain considerable amounts of 
important plant nutrients like phosphorus, potassium, cal-
cium and ammonia-nitrogen etc. which are necessary for plant 
growth. These industrial wastes can be disposed off onto 
the nearby fields in the form of irrigation water for rais-
ing crops which will not only serve the purpose of irriga-
tion but also supply the necessary plant nutrients through 
the soil. But at the same time it was noted that both the 
effluents should be diluted accordingly before their dis-
posal on the agricultural land in order to avoid any detri-
mental effects of these wastes on soil and crop plants. 
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G E N E R A L I N T R O D U C T I O N 
1 
CHAPTER 1 
G E N E R A L I N T R O D U C T I O N 
The environment comprises of ' a b i o t i c * ( a i r , m i n e r a l s , 
s o i l and wate r e t c . ) and ' b i o t i c * ( a n i m a l s , humans and p l a n t s ) 
components. A l l t h e c o n s t i t u e n t s of b i o t i c p a r t d e r i v e t h e i r 
sus tenance from t h e a b i o t i c p a r t . On d e a t h , t h e e lements 
c o n s t i t u t i n g t h e b i o t a , aga in r e t u r n back t o t h e a b i o t i c 
component t h rough decay . The a b i o t i c and b i o t i c components 
t h u s remain a t an e q u i l i b r i u m under g iven env i ronmenta l con-
d i t i o n s and t o g e t h e r c o n s t i t u t e t h e ecosys tem. Any change 
brought about by a r t i f i c i a l or n a t u r a l a c t i v i t i e s p u t s a 
' s t r e s s ' upon t h e ecosystem and t e n d s t o change t h e e q u i l i -
brium c o n d i t i o n s which may o r may not be good f o r t h e b i o t i c 
component of t h e ecosys tem. The s t r e s s e s which c r e a t e harm-
f u l e q u i l i b r i u m c o n d i t i o n s i n t h e environment a r e t h e one 
which cause p o l l u t i o n and l ead t o e c o l o g i c a l imbalance . 
Envi ronmenta l p o l l u t i o n i n c l u d e s t h e r e l e a s e of 
s u b s t a n c e s which harm t h e q u a l i t y of a i r , wa te r and s o i l 
and which u p s e t t h e b i o l o g i c a l c y c l e s l i n k i n g t h e man t o 
a n i m a l s , b a c t e r i a and p l a n t s . I t a l s o i n c l u d e s t h e subs -
t a n c e s which damage t h e h e a l t h of man and o t h e r animals or 
p l a n t s even when t h i s damage i s s u b t l e and causes no d e a t h s , 
o r does not man i fe s t i t s e l f f o r s e v e r a l decades o r g e n e r a -
t i o n s . 
2 
The word pollution is derived from the Latin word 
•pollutes'. Coulson and Forbes (1952) have defined the 
pollution as 'the addition of some thing to water which 
changes its natural qualities'. 
According to the scientific point of view, pollution 
is 'any thing causing or inducing objectionable conditions 
in any water course and affecting adversely any use or uses 
to which the water thereof may be put'. 
It may happen that substances not normally regarded 
as polluting, can under special circumstances become so. 
Nitrates, which are present in sewage effluents and so find 
their way to streams, provide an interesting example. 
Firstly, under certain conditions, nitrates can stimulate 
the growth of algae to such an extent as to cause the water 
to become objectionable. Secondly, it has been shown that 
infants receiving artificial feeds of milk diluted with 
water containing more than 10-20 ppm of nitrate may develop 
a disease called 'methaemoglobinaemia', whereas no such 
cases have been reported amongst the breastfed infants 
(Bosch et al., 1950). 
1 .1 Classification of the Environmental Pollution 
The environmental pollution can broadly be classified 
into the following categories : 
3 
(i) Air pollution, 
(ii) Water pollution, 
(iii) Soil pollution and 
(iv) Noise pollution. 
(i) Air pollution: 
The addition of any substance will alter to some 
degree the physical and chemical properties of clean air. 
Such a substance could thus be considered to be an air 
pollutant. The industrial processes and the automobile 
exhausts release into the atmosphere gases, liquids in the 
vapour phase and dust particles. The most generally released 
gases include carbon dioxide, carbon monoxide and sulphur 
dioxide. Carbon dioxide is least likely to present a prob-
lem as it is a normal metabolite. Sulphur dioxide is, how-
ever, more incriminated as a health hazard and its level in 
the air has been correlated well with the incidence of acute 
attacks of bronchitis which is a respiratory disease. 
The liquids liberated in the vapour phase by an indus-
trial society are predominated by the hydrocarbons. Although 
the atmospheric pollution is reduced by natural processes 
and although the hydrocarbons as a group are usually only 
toxic at high concentrations, there are slight health effeets 
associated with their excessive release in the atmosphere 
and this factor can be minimized by ensuring the complete 
4 
combustion of the petrol and the oil. 
The grit and the dust particles are generated by a 
wide range of industrial processes. Health hazards are pro-
duced by silica and asbestos dusts. Silica particles are 
liberated into the atmosphere by many quarrying and stone 
working processes and its inhalation for some years may 
result in a condition in which lung tissue is replaced by 
cancerous tissue. Asbestos dust may also cause a somewhat 
similar disease. 
(ii) Water pollution: 
Water, the widely distributed substance is such a 
good solvent i;hat it is never found naturally in a comp-
letely pure state. Even in the most unpolluted geographical 
areas, the rainwater contained dissolved COp, Op and N2 and 
may also carry in suspension dust and other perticulates 
picked up from the atmosphere. 
Water is a potential carrier of pathogenic micro-
organisms and can endanger health and life. The pathogens 
most frequently transmitted through the water are those 
responsible for infections of the intestinal tract causing 
typhoid and paratyphoid fever, dysentery, cholera and polio. 
These organisms are present in the faeces or urine of the 
infected people and are somehow discharged into a water 
course from where the water is used for drinking and cooking 
5 
purposes. 
The production of synthetic organic compounds in the 
world has increased to a considerable level. These are 
fuels, plastics, fibres, elastomers, solvents, detergents, 
paints, pesticides, food additives and pharmaceuticals. Of 
these the detergents and the pesticides have been the subject 
of intensive study. It is known that some detergents and 
pesticides are resistant even to the biochemical degradation 
by natural water bacteria and therefore persist for extended 
periods of time in water. • Some are toxic to fish and other 
aquatic organisms when present even in very low concentra-
tions. 
The oil pollution is an almost inevitable consequence 
of the dependence of a rapidly growing population on an oil 
based technology. Oil should be completely absent from the 
industrial effluents because it may cause destruction to the 
aquatic species if it reaches to a water course. 
Another category of water pollutants includes inorga-
nic salts, mineral acids and finely divided metals or metal 
compounds. Mine drainage and acidic rainfall are the main 
sources of increased acidity in natural waters. Salinity of 
water is due to the salts present in it. The toxic proper-
ties of numerous inorganic compounds, particularly those of 
some of the heavy metals have been known for years. The 
6 
most toxic among them are Hg, Pb, Cd, Cr and Ni. These 
metals are known to accumulate in the bodies of the living 
organisms, remain there for long time and behave as cumula-
tive poisons. 
The sediments are soil and mineral particles washed 
from the land by storms and flood waters from croplands, 
unprotected forest soils, overgrazed pastures, stripmines, 
roads and bulldozed urban areas. Sediments fill stream-
channels and reservoirs, erode power turbines and pumping 
equipment, reduce the amount of sunlight available to green 
aquatic plants and plug water filters. 
Harmful radiation may result in the water environment 
from the wastes of uranium and thorium mining, from nuclear 
power plants and from industrial, medical and scientific 
utilization of radioactive materials. 
(iii) Soil pollution: 
Natural soils have a capacity for adsorption, absorp-
tion and decomposition of water carried pollutants. The 
pollutants get decomposed by the biological activity of the 
organisms living in the soil. The process is analogous to 
the self purification phenomenon in waterways. This acti-
vity may proceed either through anaerobic (septic) decompo-
sition or aerobic process (oxidation). 
I 
The disposal of sewage and industrial wastes on land 
is done by two methods. 
(a) Irrigation: Here sewage and industrial wastewaters are 
utilized in raising profitable crops while simultaneously 
providing satisfactory disposal of the wastes. 
(b) Infiltration of sewage and industrial wastes on land: 
It is carried out on land prepared for mere infiltration and 
disposal, without any profitable crop raising. Any vegeta-
tion on the infiltration area may be only for the purpose «f 
facilitating the rate of disposal by improving the condi-
tions for the dissipation of sewage and industrial effluents 
and augmenting the rate of overall disposal per unit of area 
by evapo-transpiration losses induced vegetation. 
In the sewage and industrial wastes irrigation, the 
principal agent for both the treatment and the disposal is 
the natural soil which (1) replaces the conventional treat-
ment plants, (2) utilizes directly both the water content 
and the manurial ingredients of the sewage and industrial 
wastes and (3) completes the task of disposal. 
The problem of the maintenance of the fertility of 
the soils is also very important. It is for this reason 
that the question of any deterioration in the quality of 
soils likely to result from the sewage and industrial waste 
irrigation, should receive the most important consideration. 
8 
The harmful effects on the fertility of soil irri-
gated with sewage or industrial wastes may be due to any one 
or a combination of the following factors: 
(1) Anaerobic condition in soil, 
(2) Restriction of root zone of plants and 
(3) Possibility of a high concentration of salts, particu-
larly sodium salts, in the surface layer. 
Salts may retard absorption of nutrients and water, 
may themselves be toxic, or lead to highly alkaline condi-
tions. The anaerobic conditions may also retard the bacte-
rial activity which is essential for nitrification. 
(iv) Noise pollution: 
The noise may be defined as unwanted sound. A given 
sound may be music to one person but noise to another, plea-
sant when soft but noise when loud, acceptable for a short 
time but not-acceptable when prolongs, intriguing when 
rhythmic but noise when randomly repeated. There is ample 
evidence that exposure to loud sound is harmful in various 
ways. The louder a sound is, the more likely it is to be 
considered as noise. 
The effects of noise on the human health may be acute 
or chronic. At very high levels of frequency and pressure, 
the noise pollution can cause immediate permanent hearing 
9 
damage. At lower levels, it can cause nausea, loss of physi-
cal control and physiological changes caused by the stress. 
However, the effects produced at lower levels cease with the 
noise, although, in some cases, after a time delay. 
The principal chronic effect is that of noise induced 
hearing loss. A person exposed to high noise levels goes 
deaf more quickly than he would otherwise have done. The 
other major effect is the prolonged loss of sleep. Another 
temporary effect of noise is the lack of concentration and 
at high levels, mental disorientation. 
1.2 The Sources of Metal Pollutioa 
With the increasing use of a wide variety of metals 
in industry and in our daily life, problems arising from 
toxic metal pollution of the environment have assumed serious 
dimensions. In general, it is possible to distinguish bet-
ween different sources from which metal pollution of the 
environment originates. These sources have been described 
below. 
1.2.1 Geological weathering; 
This is the source of baseline or background levels. 
It is to be expected that in areas characterized by metal 
bearing formations, these metals will also occur at elevated 
levels in the water and bottom sediments of the particular 
area. Obviously, mineralized zones, when economically viable, 
10 
are exploited to retrieve and process the ore. This in turn 
leads to the disposal of tailings, discharge of effluents 
and possibly smelting operations which result in atmospheric 
pollution. 
Arsenic rich hot springs arising from geothermal 
activity feed the Waikato River of North Island, New Zealand. 
The submerged aquatic plants from the river were found to 
_1 
contain a maximum of 650 mg kg dry mass as compared t© 
_ • ] 
arsenic levels below 12 mg kg in plants growing in natural 
soils (Reay, 1972). 
Similarly, geothermal sources in North Island are a 
natural source for mercury enrichment. A comparative study 
(Weissberg and Zobel, 1973) between the effects of mercury 
containing effluents from a pulp and paper mill into Lake 
Maraetai and geothermal discharges in Lake Rotorua, revealed 
that mercury accumulation in sediments from the industrial 
source did not exceed the enrichment in sediments from the 
geothermal source. It was thus concluded that mercury conta-
mination of Lake Rotorua is solely due to natural enrichment, 
especially since sediments from both lakes contained no appa-
rent variation with increasing depth (i.e. age). 
1.2.2 Mining effluents; 
The serious effects of mine effluents on the water 
quality in rivers and lakes, as well as on the biotopes, 
11 
particularly on the fish populations, have been known for 
many years.^Qne of the very first descriptions of this 
problem is the fifth report of the 1868 River Pollution 
Commission (Annon, 1874) in Britain, where especially grave 
damage was caused by the dispersal of toxic metals from lead, 
zinc and arsenic mines in mid-Wales (Lewin et al., 1977). 
The presence of lead, copper and zinc has caused a high mor-
tality rate amongst fish and other living organisms in some 
Welsh streams (Abdullah and Royle, 1972). 
Mine drainage does not occur only from the mine itself 
but also from waste rock dumps and tailings areas. The 
latter two sources often contain a high concentration of 
sulfides and/or sulfo salts which are associated with most 
of the ore and coal bodies. 
1.2.3 Industrial effluents: 
The disposal of industrial wastes is often conducted 
without critical appraisal of the losses incurred. Usually 
no consideration is taken with regard to the deleterious 
environmental impact upon the receiving water body. 
There are numerous sources of industrial effluents 
leading to heavy metal enrichment of the aquatic environment. 
The classic example is the discharge of the catalyst methy-
lated mercury chloride into the Minamata Bay from a factory 
manufacturing plastics. The micro-organisms converted the 
12 
sedimented compound to monomethyl mercury which led to the 
enrichment of this highly toxic compound in fish. The fish 
was consumed by the local fisher-folk and it resulted in the 
well known Minamata disaster. 
The major industrial uses of the various economically 
important heavy metals have been compiled in Table 1.1 (Dean 
et al., 1972). It appears that heavy metals are employed in 
widely diversified fields such as petroleum refining, steel 
and fertilizer production etc. On the other hand, several 
industries function on a basis where only one specific heavy 
metal is involved, for example, the use of chromium in the 
tanning industry, t 
Chemical and electrochemical methods are employed in 
the metal finishing and allied industries for the purpose 
of protection and/or the decoration of a variety of metal 
surfaces (Lowe, 1970). Most of the processes are followed 
by rinsing operations to remove the excess chemicals and 
other waste materials from the treated surfaces, thus giving 
rise to effluents. Notably, pickling and electroplating 
give rise to high waste metal concentrations. Obviously, 
most effluents from pickling and dipping operations are 
strongly acidic and contain on appreciable amount of dissol-
ved metals. 
The principal source of chromium is from the dis-
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charges of industries using large amounts of chromates or 
dichromates as in the textile industry and the leather tann-
ing industry. Polish tannery wastes from chrome tanneries 
have been reported to vary between 9 and 140 mgl" (Kozio-
rowski and Kucharski, 1972). 
The environmental pollution from Cd and Zn discharged 
from a factory manufacturing Braun tubes used in T.V. sets, 
in Japan was investigated by Asami (1974). The slag at the 
wastewater outlets and settling tank was found to contain 
4820-4500 and 15,500-37,500 ppm of Cd and Zn, respectively. 
A typical example of pollution caused by the iron and 
steel industry is presented by the steel works near the Tees 
Estuary, Scotland. The so called clevelent effluent from 
the Teesside Steel Works (British Steel Corporation) was 
monitored (Prater, 1975). It was found that iron and manga-
nese had the highest mean concentration, the blast furnace 
and the ferro-manganese plant being the major contributors . 
Apart from metal containing discharges by electro-
platers, an inspection of the Table 1.2 (Klein et al., 1974) 
reveals that the laundries as well as ice-cream and soft 
drink manufacturers also discharge wastes which are rich in 
copper. The textile dyeing and laundry waste have high 
chromium contents. The backery wastewaters contain high 
levels of nickel and the fur dressers and dyers discharge 
15 
TABLE 1.2: METALS IN INDUSTRIAL WASTE WATERS. 
(After Klein et al., 1974) 
Average concentrations (^.g 1~ ) 
Industry Cu Cr Ni Zn Cd 
Meat Processing 
Fat Rendering 
Fish Processing 
Backery 
Miscellaneous foods 
Brewery 
Soft drinks and flavorings 
Ice Cream 
Textile dyeing 
Fur dressing and dyeing 
Miscellaneous chemicals 
Laundry 
Car wash 
150 
220 
240 
150 
350 
410 
2040 
2700 
37 
7040 
160 
1700 
180 
150 
210 
230 
330 
150 
60 
180 
50 
820 
20140 
280 
1220 
140 
70 
280 
140 
430 
110 
40 
220 
110 
250 
740 
100 
100 
190 
460 
3890 
1590 
280 
1100 
470 
2990 
780 
500 
1730 
800 
1750 
920 
11 
6 
14 
2 
6 
5 
3 
31 
30 
115 
27 
134 
18 
16 
exceptionally high concentrations of Cu, Cr, Ni, Zn and Cd 
(Table 1.2) (Klein et al., 1974). 
1.2.4 Domestic effluents: 
The domestic wastewaters probably constitute the 
largest single source of elevated metal values in rivers 
and lakes. These effluents may usually consist of untreated 
or partially treated wastewaters and also the substances 
which have passed through the filters of biologic treatment 
plants, either solubilized or as finely divided particulates 
which are discharged to the receiving water bodies. Hellman 
(1972) has shown that between one-third to one-half of the 
suspended material load of the Necker River near Stuttgart 
(PRG) consists of waste particulates from the domestic eff-
luents. After deposition, the suspended material, being 
rich in organic substances, leads to a high oxygen demand, 
which causes a deterioration of the water quality. 
Solid wastewater particles may cause metal enrichment 
of the suspended load in the waters. The concentrations of 
copper, lead, zinc, cadmium and silver reveal a marked 
influence of domestic effluents in the receiving waters 
(Preuss and Kollmann, 1974). 
The use of-detergents also creates a possible pollu-
tion hazard, since common house-hold detergent products can 
affect the water quality. Angino et al. (1970) found that 
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most enzyme detergents contained trace amounts of the ele-
ments Fe, Mn, Cr, Na, Co, Zn, Sr and B. 
1.2.5 Urban storm water runoff; 
With regard to pollution resulting from the urbanized 
areas, there is an increasing awareness that urban runoff 
presents a serious problem of heavy metal contamination. 
Heavy rainfall in urban areas is no longer regarded as only 
a downpour of 'rain water' (Sartor et al., 1974) since they 
often contain shock loads of contaminants. A statistical 
summary (Bradford, 1977) revealed that urban stormwater run-
off has long been recognized as a major source of pollutants 
to surface waters. A logarithmic decrease of runoff con-
taining lead from paved highways was found with regard to 
progressive rainfall (Sylvester and DeWalle, 1972). This is 
in accordance with the general finding that the first down-
pour contains the highest Pb content and most of the accumu-
lated lead in paved areas is washed out within a short 
period of time. 
The potential contamination may occur during periods 
of storm runoff when trace elements resulting from atmos-
pheric emissions and subsequently deposited on various sur-
face materials may be transported to the nearby drainage 
system. After monitoring heavy metals from two heavily 
urbanized watersheds at Lodi, New Jersey, Whipple and Hunter 
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(1977) established high concentrations of lead, zinc and 
copper after a storm event. 
1.2.6 Atmospheric sources*. 
Natural and man-made processes have been found to 
result in metal-containing airborne particulates. Depending 
on prevailing climatic conditions, these particulates may 
become wind-blown over great distances; nonetheless they are 
subjected to the fate that they are ultimately returned to 
the lithosphere as precipitations by rain or snowfall. 
Tatsumoto and Patterson (1963) attributed high con-
centrations of lead in surface seawater of the Los Angeles 
basin as compared to deeper waters to automotive aerosol 
fall out. 
1.3 Usage of Metals in Everyday Life 
The usage of metals by man goes back to the period 
between 6,000 and 5,000 B.C. During those days, metals like 
gold, silver and copper were utilized simply as raw mater-
ials. Cast bronze for statues was used since ancient times 
in Egypt and Greece. In the middle ages, work in bronze, 
copper, brass, iron, lead and tin reached a high level of 
artistic excellence. 
In India metals have been known since antiquity. In 
modern India, metals are being utilized in a variety of ways 
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in industry, agr icul ture , food processing and house-hold 
purposes. 
1 .3.1 Industry; 
Metals and their alloys are used to a very large 
extent in heavy engineering industry and railways. Alloys 
of aluminium, cadmium and copper are used in the manufacture 
of railway wagons, carriages, automobiles, house-hold uten-
sils, electrical fittings, packages and containers. Iron^ 
manganese, nickel, tin, vanadium and zinc, individually or 
in combination, are used in iron and steel industry. Iron 
is the backbone of modern industry. Metallic compounds of 
cadmium, lead and zinc find their use in paint and varnish 
industry, petrochemicals, battery manufacture, printing and 
textile industry. Arsenic is used in dyestuff industry and 
to an extent in drugs and pesticides. The compounds of 
silver and mercury are used in photography and pharmaceuti-
cal industry. 
1.3.2 Agriculture; 
Several metallic compounds like phenyl mercury ace-
tate, arsenic chloride, arsenic trioxide, zinc cyanide and 
thallium sulphate are used in agriculture as insecticides, 
fungicides, herbicides and rodenticides. Mercuric chloride 
is also used as a disinfectant and for seed dressing. 
Manganese is used in the fertilizer industry. Zinc chloride 
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and manganese dioxide are used in forestry as wood preser-
vatives. 
1.3.5 Cosmetics; 
The Chinese used vermilion containing mercuric sul-
phide for ages. In India, vermilion prepared from lead 
chromate, is popular among ladies. Surma, which contains 
lead, is used by Indian children and women. Silver-tin 
amalgam and pure silver is used by dental surgeons for fill-
ing dental cavities. Zinc oxide finds its use in ointments, 
creams and other cosmetics. 
1.3.4 Food processing; 
Nickel is extensively used in the food handling 
plants as catalyst in hydrogenation of fats and oils. Tin 
cans are utilized for packing and storing the processed food. 
Some of the metals and their salts are used as preservatives 
in the processed food. 
1.3.5 Medicines; 
The mercury and its salts have oeen used as medicine 
in India since ancient times. Mercury was used in 1000 A.D. 
by the Arabs who applied it as medicine in skin diseases. 
Later it was used as cathartic, anticeptie and diuretic. 
Arsenic was known as a therapeutic agent as early as 400 B.C. 
An inorganic arsenic compound, known as Fowler's solution 
has been used for the treatment of leukaemia. 
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1.4 River Pollution Due to Industrial Wastes 
The discharge of crude or partially treated sewage, 
industrial wastes, mine waters and agricultural wastes into 
a river constitutes by far the commonest sources of river 
pollution. Chemical pollution, due to the presence of orga-
nic or inorganic substances is, in general, the commonest 
type of river pollution. The organic pollution is due to 
the presence of proteins, fats, carbohydrates and other 
organic substances and materials found in sewage and indus-
trial wastes. Most of the organic compounds and materials 
are broken down by micro-organisms present in river water 
and dissolved oxygen is used up in these reactions. If the 
organic pollution load is small and the dilution by well 
oxygenated stream water is high, sufficient dissolved oxygen 
may be present to enable aerobic bacteria which require free 
oxygen to breakdown the organic matter completely to rela-
tively harmless and odourless end products. The river thus 
recovers naturally from the effects of pollution and is said 
to have undergone * self purification'. However, massive 
pollution by organic matter causes exhaustion of the dissol-
ved oxygen. The remaining organic matter is then broken 
down by a different set of bacteria - the anaerobic bacteria 
which do not require free oxygen but can utilize combined 
oxygen in the form of nitrates, sulphates, phosphates, orga-
nic compounds etc. Putrefaction then occurs, resulting in 
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the breakdown of organic matter to a different set of end-
products, some of which have objectionable odour (Klein, 
1957). 
Many industrial wastes contain corrosive inorganic 
acids or alkalis which can do extensive damage to a stream 
by breaking down its natural buffer system and altering its 
normal pH value. Acids and alkalis can destroy bacteria 
and other micro-organisms and so inhibit or even prevent 
self-purification of a stream. 
The commonest toxic inorganic substances are free 
chlorine, ammonia, hydrogen sulphide and soluble sulphides 
and the salts of many heavy metals (e.g. copper, zinc, lead, 
nickel, vanadium etc.). Any appreciable amounts of these 
compounds may hinder self-purification of the rivers and may 
even kill fish and other aquatic lives. 
The dissolved solids or the soluble salts which are 
commonly found in rivers include chlorides, sulphates, nit-
rates, bicarbonates and phosphates of sodium, potassium, 
calcium, magnesium, iron and manganese. In small concentra-
tions these are harmless to fresh water fish but in larger 
amounts these may cause corrosion of pumps, pipelines and 
other structures made of metal or concrete. 
Many industrial wastes discharged to a river have a 
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pronounced colour which they may impart to the river. The 
colour is due in most cases to organic dyes, but there are 
some highly coloured substances of mineral origin especially 
compounds of iron and chromium. Interaction between two 
different industrial wastes in a river or between an indus-
trial waste and substances present naturally in the river, 
can sometimes produce quite an intense coloration. One 
example of this is the reaction between mine water and the 
natural bicarbonate alkalinity of a river to give: an un-
sightly reddish-brown opalescence and eventually a deposit 
of ferric hydroxide. 
An important physical characteristic of sewage and 
most of the industrial wastes is their degree of cloudiness 
or 'turbidity' which is caused by the presence of either 
some colloidal matter or of very finely divided suspended 
matter which settles only with difficulty. As a rule, the 
more pronounced the turbidity, the stronger is the sewage 
or industrial waste and the worse is its effect upon a 
river. 
Bhaskaran et al. (1965) have reported the pollution 
in the river Gomti in different seasons. The water of the 
river Gomti received considerable pollution load from the 
communities and industries located on the bank of the river. 
High BOD values were found to persist throughout the entire 
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the time of survey no fish existed in the stretch of the 
river surveyed. 
Cameron (1970) reported the biological aspects of 
pollution in the Heathcote River, Christchurch (New Zea-
land) . The presence and degree of pollution in the Heath-
cote River was estimated from bacterial and chemical ana-
lyses of water sampled at low tide from five stations in 
summer of 1967 and 1968. The river was found badly polluted 
in the industrial area and downstream but fairly clean at 
the upstream of the industrial area. He presented the 
results of analyses of micro-organisms and macro fauna at 
twenty stations and related the distribution of these orga-
nisms to the salinity and pollution in the river. The 
pollution restricted the macro fauna of the river but 
encouraged the micro-organism populations. 
The water quality and plant ecology of the Christina 
River, Delware was studied by Shane et al. (1971). He 
carried out the analyses during the summer of 1970 at eleven 
sampling stations covering about 51.5 looa of Christina River. 
It was found that although organic loadings were low, in-
creasing dissolved oxygen deficits, increasing chloride 
levels and ammonia, nitrite and nitrate-nitrogen data for 
the lower two thirds of the river were typical of a degraded 
water course unable to cope up with the pollution loading. 
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Plankton counts, while low at all sampling stations, 
increased with distance downstream and free carbon dioxide 
concentration increased steadily. 
An ecosystematic study of the South River Virginia 
was carried out by Cairns and Dickson (1972). A biological 
survey of the fish, macro-invertebrates, algae, aquatic 
plants, protozoans and bacteria was conducted at eight 
sampling stations in September, 1970 in order to measure 
the ecological condition of its systems which receives 
numerous agricultural, domestic and industrial wastes. The 
study indicated enrichment of nutrients such as C, P and N, 
causing a definite shift in the composition of the flora 
and decreased the diversity of fish and macro-invertebrates 
and caused qualitative shifts in algae, higher plants, 
bacteria and protozoans when compared to areas of the South 
River upstream of Waynesboro. 
Irwin and Powers (1972) studied the water quality of 
the lower Santa Ana River, Canyon, Southern California. 
During chemical analyses the most conspicuous ionic change 
was the sulfate concentrations, which increased downstream. 
An analysis of variance test showed that the increase in 
dissolved solids was not significant but the increase in 
sulfate content was significant at the 95# probability 
level. 
27 
The water quality of the Barren River in Kentucky 
was surveyed (Harlow and Rowe, 1972) in order to determine 
the effects of wastes, discharged into the river from a 
municipal waste water plant. The water was of good physical 
quality. The chemical quality was also good except at the 
Bowling Green waste water plant. 
Kim (1974) reported the water pollution of the lower 
part of the Han River. The composition of an 11.2 km stretch 
of the river was studied during the period April 1972 to July 
1973. The river was found polluted seriously by raw sewage, 
raw night soil and industrial wastes. 
Nakamura et al. (1973) studied the pollution of water 
in the Anegawa River. The temperature, colour, odour, trans-
parency, pH, suspended solids, dissolved oxygen, BOD, COD, 
chloride and boron were reported. 
Sargent (1975) investigated the water pollution in 
the Buffalo River. The river was the subject of a compre-
hensive evaluation of waste loadings and water quality. The 
Buffalo River, as a result of adverse hydraulic conditions 
and high waste loadings from industrial discharges and from 
combined sewer overflows exhibited a summer-time dissolved 
oxygen coneentration of ^  1 mgl" . The water quality was 
also found poor in most of the other twenty four parameters 
studied. 
28 
Environmental and biological studies of the Hunter 
River were carried out by Ruello (1976) and parameters like 
water temperature, water colour, and light penetration, the 
aquati« fauna, floods and salinity, region fisheries, the 
effect of oyster industry, reclaimation around Kooragang 
island, water conservation and flood mitigation works for 
Hexhan Swamp were studied. 
The physico-chemical characteristics of the Ganges 
river water at Varanasi were determined by Agarwal et al. 
(1976). The water samples from ghats situated al«ng the 
river banks at Varanasi were taken once a month during the 
period of most activity. The water temperature varied bet-
ween 19°C to 31°C, which was seasonal and not caused by the 
discharge of sewage. The pH values fluctuated within a 
narrow range with a mean of 7.3 + 0.054. Turbidity of the 
water averaged 30.5 +, 6.71 Jackson candle units, and was 
higher in winter than in summer due to faster current in 
winter and water pollution during the rainy season. Total 
solids in the water ranged between 276 and 1390 mgl~* . Free 
and saline ammonia and albuminoid NH, were not detectable 
at most of the sampling points except occassionally in 
summer when their values were very low. 
Cline and Balla (1976) studied the water quality 
relationships as a function of acid mine drainage inputs 
29 
into the Susguehanna River. The discharge and temperature 
increased slightly downstream in the study area. The tur-
bidity, total iron and dissolved iron showed a marked in-
crease at the stations receiving the greatest acid mine 
drainage. The specific conductance and sulfate concentra-
tion increased rapidly at first as a result of acid mine 
drainage inflow but decreased downstream due to the chemical 
precipitation and dilution from uncontaminated streams. 
Pollution studies of Chambal River and its tributa-
ries were carried out by Olaniya et al. (1976) at Kota. The 
Chambal River water was sampled at the Shriram Chemical 
Industries Factory and at three stations upstream from the 
factory and at five stations downstream from its discharge. 
Physico-chemical characteristics tested included temperature, 
pH, total dissolved solids, total alkalinity, chloride, 
sulphate, total solids, soluble salts, COD and BOD. Waste 
water from the chemical plant was very alkaline with high 
soluble salts and settleable solids and residual chloride. 
The ecology of a portion of the Kalinadi was studied 
by Verma and Dalela (1976) to determine the concentrations 
and the harmful effects of the sugar factory and the dis-
tillery waste waters on fish. The high organic load of the 
wastewater burdened the 0 2 economy of the river and impaired 
the water quality for about a ten km stretch. They found 
that sulphuric acid and hydrogen sulphide from the distillery 
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wastewaters were toxic to fish and other organisms. 
Irwin (1976) carried out water quality investigations 
on Salinas River, California. The concentrations of N, P, 
TOO, selected trace metals and pesticides generally increased 
downstream and were related to the sewage effluent. 
Ivanov and Tsankov (1976) studied the effect of 
industrial pollution on the mineralization of the Yantra 
River (Bulgaria) and its tributaries. They observed that 
during the last twelve years, the pollution of the river 
increased by 80^. The main sources of the pollution were 
the effluents from textile, dairy, meat and tanning indus-
-1 
tries. The total mineralization in i960 was 321 mgl 
whereas in 1972 it reached 574 mgl 
Aquatic ecological surveys were conducted by Wilson 
and Dickson (1977) at five potential industrial develepment 
sites in Virginia, four on the New River and one on the 
South fork of the Roanoke River. Eighteen physical and 
chemical parameters were analysed and biological information 
was collected in order to determine the physical, chemical 
and biological water quality. The New River and the south 
fork of the Roanoke River supported diverse population of 
macrobenthic invertebrates. Physical and chemical water 
quality was high except for the increased levels of nitrates 
in the New River. Although both the rivers had water quality 
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that was considered good according to the biological and 
chemical standards, they both were found to be vulnerable. 
Assessment of the water quality in the Salt River 
prior to its impoundment in Anderson and Spencer counties, 
Kentucky, was made by Miller et al. (1977). Monthly water 
samples were taken and analysed to determine water quality. 
Rainwater and the runoff samples were also collected and 
analysed for major cations and anions from two sites in the 
watershed. The Salt River at Taylorsville, Kentuky, is 
characterized by high specific conductance and dissolved 
solids; elevated concentrations of Ca, bicarbonate, SOT, and 
Mg and moderate levels of CI"", Na, K and silicon dioxide. 
Lambert et al. (1977) carried out the bacteriological 
and chemical studies of the Prairies River water. The sam-
ples were taken from the river at ten locations and examined 
for bacteria (Salmonella, Coliforms, Faecal Coliforms and 
Faecal Streptococci), chemical parameters (pH, conductivity, 
turbidity, dissolved solids, SO^ "*, CI", F~, PO^"", NOJ, NO^, 
Eg, NH,, Na, Ca, Mg, Mn, Cu, Zn, K, Fe, Al and phenolics) 
and some pesticides (lindane, aldrin and DDT etc.). 
Stepanov and Chembarisov (1978) studied the irriga-
tion effect on the mineralization of river waters. The 
salinity of the rivers of Central Asia (Syrdaya, Chinchik, 
Zeravshan and others) sharply increased (from 0.2 to 1.6 gl"1) 
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in the period from 1938 to 1972. This increase was connec-
ted with the washing out of large amounts of salts from 
irrigated lands. The salts were carried out to the rivers 
through the irrigation and sewage waters. 
Pollution studies of river Khan (Indore) were under-
taken "by Rama Rao et al. (1978). These studies were made 
with an emphasis on the biological assessment of the water 
quality. The study covered a critical analyses and testing 
of various European methods for the biological monitoring 
of water pollution under the Indian conditions in the river 
Khan. 
Balej (1978) described the effect of mine waters of 
the Sokolov region on water quality in the upper reaches of 
the Ohre River. The type and quality of mine waters from 
some mines of the Sokolov (North Bohemia) region and the 
system adapted for evaluating their effect on the quality 
of water in the upper reaches of the Ohre River were des-
cribed. 
Bednar (1978) studied the quality of water and dye 
dispersion characteristics in Jourdan River and St. Louis 
Bay, Hancock and Harrison counties, Mississippi. The quality 
of water of the Jourdan River and St. Louis Bay varied bet-
ween high and low tides. 
The investigations of pollution of the Pow River near 
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Prestwick airport Ayrshire in Scotland were carried out by 
Traill (1979). It revealed that aviation fuel spills, fire 
fighting foam drainage and discharges from a group of fac-
tories on the airport premises were responsible for most of 
the complaints. 
The water quality of Livingston Reservoir on the 
Trinity River was studied by Rawson (1979). The average 
concentrations of dissolved solids, Cl"~, and SOT were found 
-1 -1 -1 
to be 250 mgl , 40 mgl and 50 mgl , respectively. The 
concentration of the dissolved solids was highest in summer. 
The oxygen depletion during periods of summer stagnation 
produced reducing conditions resulting in the solution of 
Fe and Mn from the bottom sediments. 
Brieva (1979) studied the contamination in the Bmad-
alquivir River in Sapain. The river was found contaminated 
by urban sewage, the seasonal waste products of olive oil 
and sugar refineries, meat packing concerns and individual 
waste products. The high level of pollution resulting from 
lack of urban sewage disposal and control of industrial and 
agricultural waste disposal was dictated by the economic 
factors. 
The analyses of water samples from various reaches 
of the Bauna River (Germany) was carried out by Apel et al. 
(1979) which indicated that the sewage treatment plant of 
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the Yolks Wagon Factory particularly contributes NH,, CI 
and SO7 and als<§ discharges Fe(II) , Mn(II), CN~ and sul-
phides. The Abwassar Verbandes Baunatal sewage plant 
particularly increased the concentrations of the eutrophying 
substances MH"t, NOl and phosphate. 
G-ovindan and Sundaressan (1979) studied the pollu-
tional aspects of the Adyar River in Madras and its effect 
on aquatic life with special reference to algae and their 
seasonal succession over a period of one year. The algal 
analysis of river water at different stations showed the 
presence of a variety of phytoplanktonic and benthic orga-
nisms. 
The effect of Baghdad city on the water quality of 
the Tigris River was studied by Mutlak et al. (1980). The 
chemical and physical characteristics of the quality of 
water for irrigation was studied. Baghdad city was respon-
sible for increasing the water salinity from 390 to 443 
mgl" . They found that the total hardness and turbidity 
also increased when the river passed through Baghdad. 
Gupta and Pandey (1980) carried out the environmental 
pollution monitoring of river Pandu at Kanpur. They found 
that the variations in the chemical water quality were due 
to the wastes discharged and were associated with organi* 
and inorganic enrichment. Although most of the parameters 
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studied conform to the standards, ammonical and organic N, 
sulfides and total solids axceeded acceptable limits at 
four stations. 
Pollution studies on Nigerian Rivers were carried out 
by Ajayi and Osibanjo (1981). Twenty six Nigerian Rivers 
were sampled during the dry season periods of 1977-1978 for 
the studies on their water quality. The samples were ana-
lysed for BOD, COD, pH, DO, ammonia, nitrate and phosphate. 
Seventeen of the rivers examined were found to be more or 
less unpolluted, six of them being of high quality. The 
remaining nine were found to be polluted naturally. 
1.5 Heavy Metal Pollution in Rivers 
The Minamata Bay disaster during early 1950s con-
cerned the mysterious neurologic illness and human fatali-
ties among fisherfolk who subsisted mainly on fish. Since 
this disease also prevailed among local seabirds and house-
hold cats, the investigations led to the discovery that 
consumption of high concentrations of mercury compounds 
accumulated in fish and shellfish had evoked disastrous 
effects in the nutritional food chain (Goldwater, 1971). 
After unravelling the cause of the mysterious 'Minamata 
Illness1, mankind suddenly became aware of the existance of 
toxic metals in the environment, in general and water cour-
ses in particular. 
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The decay of organic material in the aquatic environ-
ment possibly enriched by the disposal of sewage and indus-
trial effluents provides a rich source of nutrients in both 
the bottom sediments and the overlying water body. Micro-
organisms, micro-flora, and also fish are capable of incor-
porating and accumulating metal species into their living 
cells from these supply sources. Eventually man, after 
consuming the fish, inevitably suffers from the results of 
an enrichment of the metals. 
keada (1977) surveyed water and substrate of rivers 
and sea around Nagasaki prefecture for trace heavy metals 
during 1969-74. The contents of heavy metals in drinking 
water and foods were also measured to find the daily intake 
of metals by the inhabitants. The substrata of the Nagasaki 
and Sasebo bays were found heavily polluted with Cd, Pb, Zn, 
Cu, and Hg. The average content of Cd in polished rice in 
highly polluted districts was found to be 0.44 ppm which is 
6-11 times of that of normal districts. The mean intake of 
Cd in the highly polluted districts was 0.235 mg day . 
Baier (1977) investigated the lead distribution in 
the Cape Fear River estuary. The water and mud samples 
were collected during 1973 and 1974 from the Cape Fear River, 
the region of its plume and adjacent slope waters and were 
analysed for Pb. It was found that a significant fraction 
of Pb present was complexed in river water which got disso-
/f 
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ciated upon mixing with shelf water. The concentration of 
Pb in offshore sediments decreased with the increasing grain 
size. All the concentrations of Pb in the Cape Fear River 
estuary were found well below the recognized lethal values 
for the aquatic life. 
/Oliver and Kinrade (1972) studied the heavy metal 
concentrations in Ottawa River and Rideau River sediments. 
The sediment samples were collected at 2 or 3 miles inter-
vals along the Smith falls to Ottawa and to Thurso and along 
the Rideau River from Smith falls to Ottawa in July 1971. 
The sediments were analysed for Pb, Hg, Zn, Cu, Ni, Co, Fe, 
Mn and Cr using atomic absorption spectrophotometer. Some 
of the high concentrations of heavy metals found in these 
sediments appeared to be from pollution by the municipal 
and industrial wastewater disposal practices. 
Laskowski et al (1975) showed that in the sediment 
samples from the river Rhine, taken over a range of eight km 
in the area of .Mainze, the heavy metals like Ni, Cu, Zn, Rb, 
Sr, Y, Zr, Nb, Ag, Cd, Hg and organic carbon were detected. 
The local enrichment of Ni, Zn, Ag, Hg, Cd and organic car-
bon was observed near Ginsheim where the Sclwarzbach (Black 
Brook) discharges into the river Rhine. Obviously the 
metals were transported by the organic parts of the suspen-
sate in the black brook. 
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The streams, rivers and dams which feed the Crocodile 
River were studied by Wittmann and Forstner (1976) to trace 
the sources of heavy metals effluent discharges into these 
drainage systems and to establish a correlation between the 
heavy metal enrichment in the river estuary and the sources 
of pollution. 
Lichtfuss and Bruemmer (1977) studied the heavy metal 
polution of Elbe sediments. The sediments were highly pollu-
ted with Zn, Cu, Cr, Pb, As, Cd and Hg. They found that the 
pollution decreased from Hamburg to the mouth of the river 
rapidly due to the dilution of the feuvial sediment with 
scarcely polluted marine sediments. The sediments showed 
higher Zn, Cu, As and Hg and lower Cr, Pb and Cd concentra-
tions than those of the Rhine. 
Particle size distribution of heavy metals in river 
sediments was observed by Hata et al. (1977). River sedi-
ments from the Ichikawa River, Moruyama River and Takahara-
Jinzu River areas, Japan, which were contaminated with the 
mining wastes, were classified into groups of particle size 
<, 74, 74-149, 149-500 and 500-2000 Jim and each group was 
analysed for Cd, Pb, Cu and Zn. The heavy metals were found 
in all the groups. 
Baumann et al. (1977) studied the high contents of 
heavy metals in flood plain sediments of the Oker River. 
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The examination of flood plain sediments from the Oker River 
revealed the highest heavy metal content especially Pb and 
Zn of all West German river sediments studied so far. The 
high metal contents in the Oker sediments contributed to the 
enrichment of heavy metals in sediments of the Aller River. 
Reece et al. (1978) analysed the sediment samples 
collected from the Coeurd Alene River in northern Idaho 
which indicated that the main stream and the south fork of 
the river were contaminated with heavy metals (Od, Pb, Mn 
and Zn) from the local mining operations. 
Tsai et al. (1978) reported the analysis of sediments 
from the Iowa River. The silt and clay fraction of bottom 
sediment was sampled from an eight mile stretch of the river 
downstream from the Coralville reservoir. The samples were 
examined by X-ray fluorescence spectroscopy. Fe, Mn, Ba, 
Zr, Sr and Rb were present in concentrations of more than 
one ppm. 
Jackson (1979) investigated the sources of heavy 
metal contamination in a river-lake system. Sediments of 
the Wabiogoon River, Ontario were found to be polluted with 
Hg from an industrial source at Dryden. Downstream from 
Dryden the river flows first through Clay lake and then 
through Ball lake. The heavy metal Hg, Cu, Zn, Cd and Fe 
concentrations in the sediments of both the lakes correlate 
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well with organic carbon. The Hg content per unit concen-
tration of organic carbon was higher in Clay lake than in 
the Ball lake. Cu, Zn, Cd and Pe concentrations per unit 
concentration of organic carbon were nearly the same in both 
the lakes. 
Reddy (1979) studied the sediment transport from the 
Genesee River watershed to lake Ontario. One hundred bottom 
sediment samples collected over one year were chemically 
analysed for Al, Cr, Cu, Fe, Mn, Ni, Pb, Zn, total carbon 
total N and P. The metal concentration in p.g were as 
follows: Al, 6660 + 2620; Cr, 14 + 9; Cu, 18 + 7; Fe, 15060 
+ 7312; Mn, 424 + 212; Ni, 23 + 13; Pb, 67 + 40; and Zn, 
69 + 37. 
Brown (1977) measured the concentrations of Cu, Zn 
and Fe in waters, sediments and invertebrates collected from 
the river Hayle. In river waters ^  70$ Cu and Fe was asso-
ciated with the particulate fraction whereas 80$ Zn was in 
the solution form. Copper predominated over Zn in the sedi-
ments. Iron was the most abundant metal recorded in both 
the waters and the sediments. In living Trichoptera larvae 
concentrations of Cu and Zn in the tissues followed Cu and 
Zn levels in waters. 
Effects of a cattle skin tannery on stream quality 
and benthic macr»invertebrates in central Maine were observed 
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Duval et al. (1980). The samples of waters, sediments and 
benthic macroinvertebrates were collected from five sites 
along the Sebarticook River in central Maine - one above 
and the rest below, at tannery effluent discharge point. 
Water, sediments and invertebrates were analysed for heavy 
metals, which showed that the plant was discharging Cr, Ag, 
Cd, Cu, Pb and Zn in the river. 
Delisle and Demers (1977) found that mercury levels 
had increased in the Quevillon and Bell Rivers and lake 
Matagami due to discharges from a nearby caustic soda plant. 
Turner and Lindberg (1978) reported that aquatic 
losses of Hg from a chloroalkali plant closed in 1972 conti-
nued to cause elevated levels of Hg in downstream water, 
suspended matter and bottom sediments. These losses were 
attributed to the leaching of soluble Hg in the solid wastes 
located at the site. 
Seki et al. (1979) measured the particulate metals 
in waters of River Sakuragawa and lake Kasumigaura using 
particle induced X-ray emission. The predominent metal 
particles in the waters were Fe, Mn and Zn. 
Breeze and Baton (1972) studied the pollution of the 
River Croal by effluent from a drelict chromate works. 
Drainage water from a waste heap containing Cr was running 
_1 
into the Croal River carrying with it about 81 kg Cr d at 
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a concentration of between 500 and 1,000 mg Cr 1~ . The 
Cr concentration in the river was found to have severe 
effect upon the algal flora. 
Pande and Das (1980) have studied the metallic con-
tents in water and sediments of lake Nainital. The metals 
Cu, Co, Zn, Pb, Mn, Li, Na, K and Ca were analysed by atomic 
absorption spectrophotometer in the lake water and sediments 
at five sampling stations. The levels of metals in the 
bottom sediments were found to be much higher than those in 
the water. 
An analysis of bladder wrack (Fucus vesiculosus) popu-
lations in coastal Irish sea and North sea for zinc, iron, 
manganese, copper, nickel, lead, silver, and cadmium showed 
accumulation of these metals in this species of brown algae 
(Preston et al., 1972). 
Brown algae of the Fucus species are excellently 
suited for the analysis of metal pollution of water. In 
addition to bladder wrack, other species from the brown 
algae genus (Phaeophyta) have also been used as biologic 
indicators of heavy metals (Lande, 1977). 
Leland and McNurney (1974) found that the lead 
concentrations in the Cladophora species in Vermillion River 
drainage net varied between 14.9 ppm in the rural areas and 
347 ppm in urban areas. 
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Keeney et al. (1976) established that the metal con-
tamination in the Cladophora glomerata algae was dependent 
on the heavy metal concentrations in their environment. The 
Cladophora populations extracted from the heavily polluted 
Deadman's Bay on lake Ontario had much higher zinc and cad-
mium concentrations than those on a remote island of the 
lake. 
Cladophora algae were also studied by Abo-Rady (1977) 
in the upper Leine River downstream from Gottingen (PRG) and 
a significantly higher contamination by Cd, Cu, Hg, Ni, Pb, 
and Zn was observed. 
Mosses have been found to have a particular storage 
capacity for lead. Heydt (1977) found levels of upto 277.4 
ppm lead in Fontinalis antipyretica in the Elsenz River. 
Dietz (1972) also established absolute peak values of 
2180 ppm in Fontinalis antipyretica taken from the heavily 
polluted Ruhr River. 
Mercury containing effluents are being discharged 
into waterways by some of the industries in India which can 
possibly create problems similar to Minamata disease in 
Japan. Somayajul and Rama (1972) analysed fish from coastal 
waters of Bombay and reported that all varieties of fish 
except Salmon, contained about 100 mg g of mercury on 
fresh weight basis. 
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A survey of the total Cd content of 406 fish samples 
from 49 New York state fresh waters was carried out by 
Lovett et al. (1972). The majority of the fish samples 
surveyed contained 20 ppb or below of Cd, the remainder 
showed concentration upto 100 ppb with only a few above this 
concentration. 
Investigations on the variations of metal content in 
bivalves show how the organism reacts to changes in its 
environment. Bryan (1973) determined that zinc contents in 
Chlamvs operculaTis and Pecten maximus had more than doubled 
in three years. 
A preliminary survey of mercury in fish from Bombay 
and Thana environment revealed the presence of the highly 
toxic metal in muscle, bones and brain in thirty species of 
fish from seven different sources. Fish collected from Thana 
and Mumba creek had mercury content higher than 500 mg g~ 
on the fresh weight basis (Tejam and Haider, 1975). 
Arsenic, copper, zinc and manganese were determined 
in 24 species including seaweeds, fishes, crustaceans and 
moluses of coastal and estuarine water around Goa (India). 
Levels of arsenic in fishes were found to be low and Cu and 
Zn to be high in oysters. Seaweeds contained high concentra-
tions of manganese (Zingde et al., 1976). 
Renzoni and Becci (1976) studied the total Hg concen-
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tration in the fresh water mussels collected from Paglia 
River, which contained cinabar mining wastes, averaged 0.12 
ppm while the Hg concentrations in the soft part of small 
mussels averaged 0.28 ppm. Hg accumulation in the muscle 
increased with increasing mussel size. 
Brown and Chow (1977) studied the heavy metal concen-
tration in Ontario fish samples. The relative abundance of 
five heavy metals in fish muscles from the Baie du Dare 
(Lake Huron) and Toronto Harbor (Lake Ontario) were in the 
ascending order: Cd, Hg, Pb, Cu and Zn. 
Seventy eight percent of shell fish, living in normal 
sea water, showed a Cu content of ^ 1 mg g~ while 60# of 
_1 
those in Cu polluted water showed )1 ig g concentration 
(Tomita et al., 1978). 
Hg determinations were made by Sheffy (1978) on Cray 
fish, sampled at 34 locations along the Wisconsin River. 
The pattern of Hg accumulation in Cray fish showed a strik-
ing similarity to that in bottom sediment, fish and mamals 
along the Wisconsin River. 
Hildebrand et al. (1980) investigated the total and 
methyl mercury accumulation in fish and invertebrates in the 
North Fork of the Holston River below a currently inactive 
chloroalkali plant to quantify the extent of contamination. 
Total Hg concentration in fish and benthic invertebrates 
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decreased with distance below the plant. 
1 .6 Industrial Wastes 
The liquid wastes resulting from the manufacturing 
and industrial processes which utilize moderate to large 
quantities of water are termed 'Industrial Wastes'. Indus-
tries that adopt anhydrous processes do not give rise to 
liquid wastes. The term industrial wastes is generally res-
tricted to liquid wastes which by reason of their colour, 
solid content, inorganic or organic content, salinity, aci-
dity, alkalinity and other toxic characteristics create 
problems of stream pollution or soil pollution in case they 
are used for irrigation. 
Because of the large water requirements of many indus-
tries and the need of water for power generation and cooling 
purposes, industrial establishments and factories are often 
located on the banks of rivers, lakes and other water bodies. 
These industries withdraw fresh unpolluted water from these 
water bodies and discharge waste waters in them causing their 
pollution. 
The industrial wastes are as varied in quantity and 
polluting strength as the products and processes and the 
manufacturing plants from which they emerge. Some wastes 
like cooling waters are large in volume but carry little 
contamination, others are relatively small in quantity but 
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are loaded with concentrated organic and inorganic substances. 
1.6.1 Disposal of industrial wastes on land: 
Of the three locations for the disposal of wastes, 
surface, atmosphere and land, the land represents not only 
an appropriate disposal site for many wastes but also an 
opportunity to manage wastes with a minimum of adverse en-
vironmental effects. The application of manure, sewage 
sludge, municipal waste water and industrial wastes on land 
for both disposal and fertilizer value has been practised 
for centuries. The challange is, however, to utilize the 
chemical, physical and biological properties of the soil as 
an acceptor for industrial wastes, with minimum undesirable 
effects to the crops grown on that soil, characteristics of 
the soil and to the quality of ground water and surface run-
off. The land cannot function as a neglected waste sink for 
ever. The soil and waste must be managed carefully as a 
total system to obtain the best use of this resource. 
The disposal of the wastes on the land is often a 
beneficial recycle. The industrial wastes contained in the 
municipal sludge or disposed off directly to the land include 
materials mined from deep in the earth or chemical conver-
sions of simple organic compounds. Many of these waste com-
ponents can be foreign to the upper soil-horizon. A control 
is therefore necessary in order to avoid biologically toxic 
concentrations of such materials in the upper soil phase. 
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The land disposal of wastes incorporate organic and 
inorganic recycle and reuse, little is known about the 
waste assimilative capacity of a soil. Each soil has its 
own maximum capacity to assimilate and treat wastes and to 
renovate waste waters. This capacity is related to the soil 
characteristics, environmental conditions and crops to he 
grown. 
The growth of crop on the disposal area is important 
to the success of the use of land for waste disposal. A 
growing crop is essential to increase the rate of adsorption, 
evaporation and transpiration in order to avoid soil erosion. 
The potential treatment mechanisms in the soil are 
several. These include "biological oxidation, ion exchange, 
chemical precipitation, adsorption and assimilation into the 
growing plants. The biological, physical and chemical pro-
cesses in a soil provide a treatment of wastes that incorpo-
rates the factors and components of present day biological 
and advanced waste treatment methods for the municipal and 
industrial wastes. 
Stone (1951) has suggested the possible utilization 
of sugar factory effluent for irrigation of surrounding cane 
fields, use of molusses for alcohol, squeezed cane stalks as 
fuel in sugar mill and its ashes and filtered cachaza as an 
excellent fertilizer. 
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Thabaraj et al. (1964) observed the effects of tannery 
effluents on the soil composition and germination of tomato 
seeds in soil and sand culture. The effluent used was first 
treated in trickling filters. Other types of effluents used 
were undiluted and unsedimented, undiluted and supernatant 
and diluted and supernatant. The germination was badly 
affected with undiluted and unsedimented effluent while best 
germination was noted with diluted effluent treated in 
trickling filters. 
Ghosh (1966) reported the effects of paper and sugar 
factory effluent on the pH of the soil and suggested that 
the application of these wastes on the soil increased its pH. 
/'Judy and Kroontje (1971) observed the effects of syn-
thetic household detergents contained in wastewater on the 
soil characteristics and the growth of corn. A green-house 
experiment was conducted in which corn was grown on Norfolk 
sandy loam and a Davidson clay loam irrigated with distilled 
water containing different concentrations of enzymes and a 
non-enzyme household laundry detergent. Concentrations of 
8000-14000 ppm of enzymes delayed seedling emergence for 
four days. Growth abnormalities were greater and total 
growth was less on the Norfolk sandy loam. The plant tissues 
were also analysed for sodium, boron and arsenic. The soils 
were highly buffered. The pH changed only one unit although 
the detergent solutions were highly alkaline. 
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Pearson (1972) studied the suitability of food pro-
cessing wastewater for irrigation of various crops. The 
wastewater from the food processing plants contained dissol-
ved salts and organic matter. The amount of each depended 
upon the product being processed and the procedure used. 
The suitability for irrigation of food processing wastewater 
from 20 plants processing 9 food products was assessed from 
the standpoint of EC, chloride, sodium concentrations and 
Na-adsorption ratio. The wastewaters from plants processing 
green beans, squash, tomatoes, corn, potatoes and sweet pota> 
toes were found suitable for irrigation under most of the 
conditions. 
Day et al. (1972) observed the effects of treatment 
plant effluent on the soil properties. A 14-year study was 
conducted in Arizona to determine the effects of the dis-
posal of wastewater treatment plant effluents on soil. In 
addition, a comparison was made of the effects that resulted 
from effluent irrigation with the irrigation of the soil 
with well water supplemented with nitrogen, phosphorus and 
potassium. The soil irrigated with the effluent had lower 
water infiltration rates, higher salt, nitrogen and phospho-
rus concentrations. The irrigation with the effluent also 
did not tend to decrease crop yields or adversely affect the 
soil. 
Use of sugar factory effluents for irrigating sugar 
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cane crop has been discussed by Sachan and Menon (1976). 
The crop was irrigated 16 times during 60 days period. They 
reported death of plants when these were irrigated by mill-
house effluent. 
Chandramohan et al. (1976) claimed that the use of 
sugar factory effluent in cane fields had not affected either 
the cane crop performance or the soil status. The utiliza-
tion of sugar factory waste for irrigation with small dilu-
tion was also emphasized by Dubey (1976). 
Hassouna and Fahmy (1976) observed that synthetic 
industrial wastewater, untreated and treated with lime stone 
had no inhibitory effect on the growth of garden rocket and 
improved its seed production and viability. However in 
carrot, there was a decrease in the dry weight of both 
shoots and roots. They concluded that the industrial waste-
water would not affect the yield of leaf crops but would 
decrease the growth and yield of root crops. 
The effects of land application of municipal sewage 
wastewater on the yield and chemical composition of forage 
crops were reported by Bole and Bell (1978). Reed cannary 
grass, brome grass, altai wild rye and tall wheat grass were 
grown in the land irrigated by lagooned municipal sewage 
wastewater. The growth of four grasses was enhanced by the 
application of sewage effluent. 
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Sutton et al. (1978) observed the effects of liquid 
swine waste applications on corn yield and soil chemical com-
position. The waste was applied on the soil at different 
rates to give different concentrations of N, P, K and Na and 
it was observed that soil Na, NO,-N and extractable P con-
centrations were increased by its application. The soil 
electrical conductivity remained unaffected. They have shown 
that two years waste application is not detrimental to the 
soil chemical composition. 
Rajannan and Oblisamy (1979) have described the effect 
of paper factory effluents from two paper mills in Tamil Nadu 
(India) on soil and crop plants. The undiluted effluents 
when used for irrigation had a drastic affect on the germi-
nation of rice, blackgram and tomato seeds and also on growth 
and vigour index of seedlings. The undiluted effluents 
caused an increase in the pH, organic matter and available 
nutrient contents of red and black soils. 
The application of citrus processing wastewaters to 
Florida soils proved detrimental in a study carried out by 
Coleman et al. (1979). The hydroxides of sodium, potassium 
and calcium in the wastewater tended seriously to reduce the 
permeability of the fine sand studied. 
The effect of the application of the piggery effluent 
to soils and pastures was reported by Jeffery and Uren (1979). 
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The changes occurring in the nutrient status of pastures 
treated with piggery effluent were also examined. Soil and 
plant samples were taken from the treated and untreated land 
associated with the two piggeries. They found that the 
plant growth decreased by the application of the effluent, 
which was probably associated with increase in soil N, P 
and K. 
It appears from the survey of the literature that, 
though, considerable work has been done on the quality of 
river water and heavy metal pollution in the rivers but 
little or no work has yet been done so far on the pollution 
of the Ganges and Yamuna Rivers in India with special refer-
ence to heavy metal pollution. 
Apart from the monitoring studies of the two rivers 
at several sampling stations, the effluents of a coal fired 
power plant, dairy factory and soap manufacturing factory 
have been analysed for their physico-chemical properties 
and the effects of these effluents in various concentrations 
on certain physico-chemical properties of soil and germina-
tion and growth of some economically important crops have 
also been studied. 
The work described in this thesis consists of the 
following five chapters: 
- Pollution in the Granges River. 
- Heavy Metal Pollution in the Yamuna River. 
- Pollution of the Upper Ganga Canal by the Effluents 
Arising from the Coal Fired Kasimpur Thermal Power Plant 
and their Effects on Soil and Crop Plants. 
- Effects of Industrial Dairy Processing Effluent on Soil 
and Crop Plants. 
- Effects of Soap Manufacturing Factory Effluent on Soil 
and Crop Plants. 
CHAPTER 2 
MATERIALS AND METHODS 
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CHAPTER 2 
MATERIALS AMD METHODS 
2.1 Atomic Absorption Spectroscopy 
The first observation of sharp absorption lines in 
the solar spectrum by Wollaston in 1802 was intensively 
investigated later by Fraunhofer. Kirchhoff in 1859 con-
cluded that sodium must be present in the solar atmos-
phere. This was the first example of qualitative analysis 
by atomic absorption. Another example of the use of atomic 
absorption was the determination of mercury vapour in the 
air. It was not until the pioneering work of Walsh in 1955 
that the practical advantages of atomic absorption spectros-
copy for quantitative analysis were reeognized. The method 
provides a total content of the sample and is almost in-
dependent of the molecular form of the metal in the liquid. 
Atomic absorption spectroscopy deals with the study 
of the absorption of radiant energy (usually in the ultra-
violet and visible regions) by neutral atoms in the gaseous 
state. When a liquid sample containing a metallic salt 
solution is introduced into a flame, the processes taking 
place can be summerized as: 
(i) Solvent is vaporized leaving particles of the solid 
salt. 
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(ii) The salt is vaporized or converted into the gaseous 
state. 
(iii) A part of gaseous molecules are progressively disso-
ciated. 
(iv) A small fraction of the neutral atoms are excited by 
thermal energy of the flame. The excited atoms are 
unstable and return to the ground state by emitting 
radiation (flame photometry). 
(v) The majority of the atoms remain in the ground state. 
The ground state atoms can be excited by absorption 
of radiation when exposed in the beam of radiation 
from the source (atomic absorption spectroscopy). 
Thus in atomic absorption spectroscopy the sample is 
first converted into an atomic vapour and then the absorp-
tion of this atomic vapour is measured at a selected wave-
length, characteristic of each individual element. The 
amount of light absorbed is proportional to the concentra-
tion of the metallic element. 
The relation between the number of atoms N* in ex-
cited state and the number of atoms N0 in the ground state 
is given by Boltzman equation: 
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ll - A e" AE/kT 
where B = Energy difference of the two levels 
T = Absolute temperature 
k = Boltzmann's constant 
A = Constant 
|- for Na at 2000°K is 10~5 and at 5000°K is 10" showing 
that the fraction of atoms excited depends critically upon 
the temperature of the flame. For the atomic absorption 
to be efficient T should be smaller. The flame temperature 
in atomic absorption spectroscopy is kept slightly above 
the dissociation point of the metal for two reasons. 
(i) The absorption band broadens with increase in tempe-
rature. This effect is called Doppler broadening. 
(ii) If the flame temperature is too hot, the dissociated 
atoms will tend to become ionized, leaving small fraction 
of neutral atoms in the ground state for absorption. 
2.1.1 Instrumentation 
Light of certain wavelength, which is able to emit 
the spectral lines corresponding to the energy required for 
an electronic transition from the ground state to an 
excited state, is allowed to pass through the flame. 
Meanwhile the sample solution is aspirated into the flame. 
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Before it enters the flame, the solution gets dispersed 
into a mist of very small droplets which evaporates in the 
flame to give first the dry salt, and then the vapour of 
the salt. At least a part of this vapour will he disso-
ciated into atoms of the element to be measured. Thus, 
the flame possesses free unexcited atoms which are capable 
of absorbing radiation from an external source when the 
radiation corresponds exactly to the energy required for 
a transition element from the ground electronic state to 
an upper excited level. Then the unabsorbed radiation from 
the flame is allowed to pass through a monochromator which 
isolates the exciting spectral lines of light source. From 
the monochromator the unabsorbed radiation is led into the 
detector which is then registered by a photodetector, the 
output of which is amplified and measured on a recorder. 
Absorption is measured by the difference in transmitted 
signal in the presence and absence of test element. The 
components are schematically shown in Fig. 2.1. These 
components are required for all types of atomic absorption 
spectrophotometers. 
2.1.2 Light or Radiation Sources 
2.1.2.1 Hollow cathode lamps; 
The most commonly used radiation sources for atomic 
absorption spectrophotometry are the hollow cathode lamps 
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(Fig. 2.2). It consists of an anode and cylindrical cathode 
enclosed in a gas-tight chamber. The cathode is made up of 
the element to be determined or is lined or coated with it, 
and the anode is made up of tungsten, nickel or zirconium. 
The window is made of pyrix glass or quartz, depending on 
the wavelength of the emitted radiation. The lamp is filled 
with neon or sometimes argon at a pressure of a few torr 
(1-5 torr). These gases emit sharp line spectra, neon pro-
ducing a red glow near the cathode and argon a blue glow. 
The lamps are normally constructed for individual elements 
but multi-element lamps are also available. To distinguish 
between the lamp and the flame emission, the lamp radiation 
is chopped, either by mechanical chopper or by pulsing the 
current through the lamp. This is then used with a suitable 
A.C. amplifier. 
2.1.2.2 Electrodeless discharge tubes: 
Electrodeless microwave excited discharge tubes are 
used for Sb, As, Cd, I, Pb, Hg, P, Se, Te and Sn. For some 
elements these lamps are claimed to be more intense and 
stable than corresponding cathode lamps. 
2.1.2.3 Continuous radiation sources; 
In addition to the line emission sources, hydrogen 
and deuterium lamps are available which provide continuous 
radiation over the range from 190 to 320 nm. These lamps 
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can be used t o correct for non-atomic absorpt ion which can 
be a problem when t r ace amounts of mater ia l are determined 
in complex samples. 
2.1 .3 Chopper 
A rotating wheel is placed between the hollow cathode 
lamp and the flame. It is used to break the steady light 
from the lamp into alternating light which reaches to the 
photocell. Thus only alternating current is amplified and 
recorded and thus the absorption of light will be measured 
without interference from the light emitted by the flame 
itself. 
2.1.4 Nebulizer-Burner System 
This system converts the test substance in the sample 
solution to atomic vapour. The nebulizer and the burner 
form an integral unit. There are two types of burners in 
common use, the total consumption burner and the premixed 
burner. 
2.1.4.1 Total consumption burner: 
In the total consumption burner, the sample solution, 
the fuel and the oxidizing gases are passed through separate 
passages to meet at the opening of the base of the flame. 
The construction of the total combustion burner is shown in 
Fig. 2.3. As the sample containing metallic element to be 
M, 
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estimated by atomic absorption spectroscopy is a liquid, 
the flame breaks up the liquid sample into droplets which 
are then eTaporated or burnt, leaving the residue which is 
reduced to atoms. These burners do use oxygen, with hydro-
gen or acetylene and give very hot flames. A total consump-
tion burner is noisy and hard to use. The efficiency of 
this burner is also not very good. 
2.1.4.2 premix or laminar-flow burner: 
In the premix or laminar-flow burner (Fig. 2.4), the 
aerosol is produced within a mixing chamber where the coarse 
and fine droplets are separated. The fine droplets, vir-
tually a fog, are mixed with the flame gases; then these are 
vaporized. The premix system allows the use of a long 
narrow burner which provides a longer path length for 
absorption and therefore an increased signal-to-noise ratio. 
Furthermore, the removal of the larger droplets and the 
laminar flow characteristics of this type make the flame 
more stable than the turbulant flame of the total consump-
tion burner. 
A problem with the premix burner is that the flame 
may burn back into the mixing chamber and cause an explosion. 
To prevent it the streaming velocity of the fuel-oxidant 
mixture through the burner part must be at least equal to 
the burning velocity. 
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2.1.4.3 Ultrasonic nebulizers; 
An alternative method of nebulization is to breakup 
a fine stream of the sample solution by using high frequency 
vibrations. This produces a very uniform and controllable 
droplet size and it is even possible to study the behaviour 
of single droplet in a flame by this method. 
2.1.5 Nonflame Atomisation 
Nonflame atom cells fill an important ancillary role 
in atomic absorption spectroscopy. The conventional nebu-
lizing system wastes sample, and the residance time of metal 
atoms in the light path in a conventional flame is very 
short on the order of milliseconds. The desire to analyse 
small samples containing low levels of the components of 
interest has resulted in the development of a number of 
flameless atomisation devices. Most commercial flameless 
atomisers are based on the Ma&smann furnace (Fig. 2.5). 
The heated graphite furnace consists of a hollow 
graphite cylinder. In the middle of the cylinder top there 
is a hole about 2 mm in diameter through which the sample 
(1 to 100 ja.1) is pipetted. The cylinder is purged with an 
inert gas, either nitrogen or argon. An electric current, 
in three stages, is passed through the cylinder walls to 
evaporate the solvent, to ash the sample, and finally to 
raise the unit to incandescence to atomise the sample. A 
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transient absorption signal is produced as the metal is 
* 
atomised and measured on a recorder. 
2.1.6 Monochromators 
The function of a monochromator is to select a given 
absorbing line from spectral lines emitted from the hollow 
cathode. 
In atomic absorption measurements, the most common 
monochromators are prisms and gratings. For many elements, 
high dispersion is not necessary. In such cases a resolu-
o 
tion of the order of 0.5 A is desirable. 
When the cathode in the hollow lamp is made up of 
transition metals, the emission spectrum from the hollow 
cathode is so complicated that high dispersion is essential. 
For such cases large dispersion and high resolving monochro-
mators are advantageous for resolving spectra. 
2.1.7 Detectors 
For atomic absorption spectrometry, the photomulti-
plier tube is most suitable. It has good stability if used 
with a stable power supply. 
In the photomultiplier tube, there is an evacuated 
envelope which contains a photocathode, a series of electrodes 
called dynodes and an anode. The photocathode is fixed to 
the terminal of the power supply. 
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2.1.8 Amplifier 
The e'lectric current from the photomultiplier detec-
tor is fed to the amplifier which amplifies the electric 
current many times. 
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Fig. 2.6 Block diagram of lock-in amplifier 
From the figure 2.6 it clearly follows that the sig-
nal from the photomultiplier tube is led to an AC amplifier 
to modulate the energy source. The modulated signal finally 
enters the synchronous detector. At the same time, the 
signal from a reference source is modulated at exactly the 
same frequency as the signal from the photomultiplier tube 
undergoes by passing through an AC amplifier. The two sig-
nals are combined in a synchronous detector to produce 'sum' 
and 'difference' frequencies. When the signals from syn-
chronous detector are allowed to pass through a low pass RC 
filter, it removes the 'sum' frequencies and a DC 'difference' 
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signal is amplified by a DC amplifier and then goes out to 
the readout. 
2.1.9 Readout System 
In most of the atomic absorption measurements, chart 
recorders are used as readout devices. A chart recorder is 
a potentiometer using a servomotor to move the recording pen. 
The pen displacement is directly proportional to the input 
voltage. 
However, in some atomic absorption measurements digi-
tal readout devices are also used. 
2.1.10 Quantitative Analysis 
2.1.10.1 Sample preparation; 
The sample pretreatment requirements depend upon the 
element to be determined, the substrate material and the 
method of atomisation. With the graphite furnace most sam-
ples require no chemical pretreatment because the chemical 
matrix is removed by ashing prior to atomisation. For flame 
atomisation most liquid samples can be sprayed directly into 
the flame after dilution with a suitable solvent. Hydro-
chloric, nitric and sulphuric acids are commonly used for 
the dissolution of metals and alloys. A 3:1:1 mixture of 
nitric, sulphuric and perchloric acids is useful for the wet 
oxidation of organic matter. 
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2.1.10.2 standards: 
Standards and sample solutions should be as similar 
as possible, both in chemical and physical properties. 
Reagents need to be checked to ensure that they do not 
introduce significant amounts of the element to be deter-
mined. Standards and samples should be stored only in poly-
ethylene bottles because some metals adsorb onto glass sur-
faces. Standards containing low concentrations (less than 
1 mgl~ ) should be made up daily from more concentrated 
stock solutions to avoid adsorption problem. 
2.1.10.3 Caliberation techniques: 
The caliberation technique which is most appropriate 
for a particular analysis depends on the number of samples 
to be analysed, the linearity of the caliberation graph and 
the extent to which other components in the sample interfere 
with the analysis. 
2.1.10.4 Working curves: 
If a number of samples are to be analysed, the simp-
lest procedure is often to prepare a series of standards 
covering the concentration range of interest and from these 
obtain a 'working curve1. This tends to be nonlinear but 
devices are commercially available that will electronically 
compensate for the curvature and thereby enable a direct 
readout linear in concentration to be obtained. 
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2.1.10.5 Internal standardisation; 
Minor variations in the fuel supply or in the physical 
properties of the sample may be compensated for by adding a 
fixed amount of an internal standard to each sample. The 
caliberation graph is a plot of the ratio of the absorbance 
of the element being determined to that of the added standard. 
The standard which must not already be present in the sample, 
should be chosen such that its spectral line is close to that 
of the test element and arises from a similar transition. 
It's ionisation potential should also be similar to that of 
the test element. 
2.1.10.6 Standard additions method; 
If the caliberation graph is linear, the sample con-
centration can be determined by adding known amounts of the 
test element to the sample. This gives a section of the 
caliberation graph above the unknown sample concentration, 
and the resulting straight line can be extrapolated back to 
zero signal intensity. The concentration scale is determined 
by the standard additions, and the unknown concentration is 
given by the point at which the extrapolated line crossed iiie 
concentration axis. 
2.1.11 Interferences in Atomic Absorption Spectroscopy 
Two types of interferences are observed in Atomic 
Absorption methods. 
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2.1.11.1 Spectral interferences; 
This type of interferences arise when the absorption 
of an interfering species either overlaps or lies so close 
to the analyte absorption that resolution by the monochro-
mator becomes impossible. Interference between two overlap-
ing atomic absorption peaks occurs only in the occassional 
o 
situation where the peaks are within about 0.1 A of one 
another. Spectral interferences also result from the pre-
sence of combustion products that exhibit broad band absorp-
tion. 
Spectral interference due to scattering byproducts of 
atomisation is most often encountered when concentrated solu 
tions containing elements such as Ti, Zr, and W which form 
refractory oxides are aspirated into the flame. 
Spectral interferences by matrix products can be 
avoided by varying temperature, and fuel to oxidant ratio. 
If the source of interference is known, an excess of the 
interfering substance can be added to both sample and stan-
dards, provided the excess is large with respect to the 
concentration from the sample matrix. The contribution of 
the latter will become insignificant. The added substance 
is called as radiation buffer. 
2.1.11.2 Chemical interferences: 
This type of interferences result from various chemi-
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cal processes occurring during atomisation of analyte. 
Chemical interferences are more common than spectral inter-
ferences. Their effect can be minimized by suitable choice 
of conditions. 
(i) Cation interference; The absorption due to one cation 
is affected by the presence of a second cation. In determi-
nation of Mg the presence of Al causes low results. This 
interference is due to the formation of an aluminium magne-
sium compound, which is heat stable; hence reduces the con-
centration of Mg in the flame. 
(ii) Anion interference: The most common type of interference 
is by anions which form compounds of low volatility with the 
analyte and thus reduce the rate at which it is atomised. 
An example is the decrease in Ca absorbance with increasing 
concentrations of sulphate or phosphate. For fixed Ca con-
centration, the absorbance is found to fall off nearly 
linearly with increasing sulphate or phosphate concentration 
until the anion to Ca ratio is about 0.5. 
2.1.11.3 Elimination of cation and anion interferences: 
(i) Using releasing agents: Releasing agents are cations 
that react preferentially with the interference and prevent 
its interaction with the analyte. Lanthanum and strontium 
ions are used as releasing agents to minimize the inter-
ference of phosphate in the determination of Ca and in the 
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determination of Mg in the presence of Al. In both instances, 
the Sr or la replaces the analyte in the compound formed with 
the interfering species. 
(ii) Using protective agentst Protective agents such as 
EDTA, 8,hydroxyquinoline (HQ) , and ammonium salt of 1-pyrro-
lidine carbodithioic acid (APDC) prevents interference by 
forming stable but volatile species with the analyte. EDTA 
eliminates the interference of aluminium, silicon, phosphate 
and sulphate in the determination of Ca. HQ is used to supp-
ress interference of Al in the determination of Ca and Mg. 
2.1.11.4 Interference due to dissociation; 
Dissociation reactions involving metal oxides and 
hydroxides interfere in the determination of the natre of 
absorption spectra of an element. The example is the en-
hancement of the absorption by vaaedium when Al or Titanium 
is present. It can be explained by assuming that the three 
metals (Al, V, Ti) interact with such species 0 and OH which 
are always present in flames. If the oxygen bearing species 
are given the general formula 0 , a series of equilibrium 
reactions can be postulated: 
vox ^ = i v + ox 
A10x v ^ Al + 0 X 
TiOx *» Ti + 0 
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In fuel rich combustion mixtures, the concentration of 0 X is 
sufficiently small because of the presence of Al and Ti in 
the sample. This decrease causes the first equilibrium to 
shift to the right with an accompanying increase in the metal 
concentration as well as absorbance. 
2.1.11.5 Interference due to ionization in flames; 
M * M+ + e" 
Ionization of metal atoms, when flames employing O2 
or NOo are used, becomes important, and a significant con-
centration of free electrons exists. The ionization can be 
decreased by using ionization suppresser, such as alkali 
metals, particularly K, Rb and Cs. The ionization suppres-
sers ionizes to give free e~s. 
B *» B+ + e~ 
[•-] =[B+]
 +[M +] 
Thus ionization suppresser provides a relatively high con-
centration of e"s to the flame; suppression of the ionization 
of the analyte results. 
2. 2 Collection of River Water, Sediment, Plant and Fish 
Samples 
2. 2.1 Water samples; 
The river water samples were collected from five 
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places in the vicinity of each sampling station. All the 
water samples were collected in duplicate in 1 litre plastic 
containers in the midstream of the river. One water sample 
was kept for the physico-chemical examination while the other 
was immediately acidified with 10 ml of 6N HNO^ f o r h e a v y 
metal determination by atomic absorption spectrophotometer. 
2. 2 .2 Sediment samples; 
The samples of the river sediment were collected from 
five places in the vicinity of each sampling station. These 
were transported to the laboratory in the polyethylene bags. 
2. 2 .3 Plant samples; 
The plants (Eicchornia crassipes) samples were 
collected from five plaees in the vicinity of each sampling 
station. These were immediately washed several times with 
the river water in order to remove the adhered species of 
invertebrates and large particles of the mud. The plant 
samples were brought to the laboratory in the polyethylene 
bags. 
2. 2.4 Fish samples; 
Fish were captured from the river and a common fish 
(Heteropnuestes fossilis), identified. Several fish belong-
ing to the same species were brought to the laboratory in 
the polyethylene bags. .
 AZ/.'n - • . 
• •••!. -. ...'V I c e ; 
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2. 3 Determination of Heavy Metals by Atomic Absorption 
Spectrophotometer 
2. 3.1 Atomic absorption spectrophotometer: 
Perkin-Elmer model 372 atomic absorption spectrophoto-
meter was used for determining the concentrations of metals 
cadmium, cobalt, chromium, copper, iron, manganese, nickel, 
lead and zinc in water, sediment, plant and fish samples. 
2. 3 .2 Reagents: 
Only analytical grade reagents were used throughout 
the study. Standard solutions were prepared using deionized 
glass double distilled water. 
2.3 .3 Cleaning of glass wares: 
•Corning' brand glass wares were exclusively used 
throughout the course of the investigation. All possible 
steps were taken to avoid the possibility of the metallic 
contamination from the glass wares. The glass wares, namely 
volumetric flasks, beakers, pipettes, test tubes and sample 
storage bottles were well washed with detergent and water, 
rinsed with distilled water and then immersed in a bath of 
1C?£ nitric acid for twenty four hours. The glass wares were 
then rinsed with deionized double distilled water and finally 
tested to become acid free. 
7Q 
2. 4 Preparation of Samples for Atomic Absorption 
Spectrophotometric Analysis 
2. 4 .1 Industrial waste samples: 
500 ml of the industrial waste sample were taken and 
10 ml of nitric acid were added. It was evaporated on a hot 
plate to 25 ml. The prepared sample was used for heavy 
metal determination(Parker, 1972). 
2. 4.2 River water sample: 
500 ml of the water sample were acidified with 10 ml 
nitric acid. It was concentrated to 25 ml using the evapo-
ration method (Parker, 1972). The concentrated samples were 
analysed for heavy metal concentrations by atomic absorption 
spectrophotometry. 
2. 4.3 Sediment samples: 
The sediments were dried for 24 hours at 105°C, 
grounded in an agate and mortar and passed through an 80 
mesh sieve. 5 g of the sediment sample was digested for 
0.5 hour in 25 ml of 1:3 HpSO,:HN0, mixture, made upto 25 ml 
with the double distilled water and filtered. The residue 
was again treated in a similar manner and filtered. Both the 
filtrates with washings were concentrated to a volume of 25 
ml. The prepared samples were used for the heavy metals 
determination (Parker, 1972). 
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2. 4 .4 Plant samples; 
The collected plant samples from the river water were 
rinsed several times with double distilled water. The plant 
samples were dried at 105°C for 24 hours. The dried plant 
material was grounded in an agate and mortar. 5 g of the 
powdered material was weighed and digested with 20 ml boiling 
Analar grade HNO, in a 50 ml Kjeldahl flask. Digestion was 
usually complete within half an hour. Digests were made up 
to 25 ml volume. The prepared solution was used for the 
determination of heavy metals by the atomic absorption spec-
trophotometry (Harding and Whitton, 1981). 
2. 4.5 Fish samples; 
The fish samples were dried at 105°C f o r 24 hours in 
a silica basin. The dried fish were grounded in an agate 
pestle and mortar. 5 g of the dried and powdered fish 
material was further heated at 450°C for 2 hours. The residue 
was dissolved in 20 ml boiling Analar grade HNO,, brought to 
a 25 ml volume with deionized distilled water and the fil-
tered solution was analysed by atomic absorption spectro-
photometry (Parker, 1972). 
2. 5 Collection and Analysis of Soil Samples 
For observing the effects of various industrial 
effluents on soil, it was collected from the fields around 
the Aligarh Muslim University. The soil was dried at 37 C, 
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pulverized and sieved through an 80 mesh sieve and analysed 
for physico-chemical c h a r a c t e r i s t i c s adopting the following 
methods. 
2 . 5 . 1 Determination of pH; 
The pH of the s o i l and sediment samples was recorded 
with Beckman pH-meter using g l a s s e lec t rode and saturated 
calomel e lec t rode assembly. A 1:5 (soi l / sediment :water) 
r a t i o suspension was used for measuring the pH (Jackson, 
1973). 
2. 5 .2 Determination of e l e c t r i c a l conduct iv i ty : 
The e l e c t r i c a l conduct ivi ty of the s o i l was measured 
with HACH model DR-El/4 conduct ivi ty-meter . A 1:5 : : s o i l : 
water r a t i o suspension was used for these measurements 
(Jackson, 1973). 
2 . 5 .3 Determination of water soluble s a l t s : 
Water soluble s a l t s were ca lcula ted from ithe conducti-
v i t y measurements using the following r e l a t i o n s h i p (Jackson, 
1 973): 
Percentage of soluble s a l t s = 
$water i n s o i l at ex t rac t ion 0.064 x 1m mho/cm x 
1 00 
Total water soluble salts were expressed in meq/100 g of soil 
O <_, 
with the help of the following relation: 
Total water soluble salts in meq/100 g of soil = 
, „,_
 T / #water in soil at extraction 
1.25 x Lm mho/cm x 
100 
The results were again checked by drying and weighing the 
clear supernatant of soil extracts. 
2. 5.4 Determination of cation exchange capacity: 
Cation exchange capacity of the soil samples was 
determined by the method of Ganguly (1951). 
Reagents: 
0.2N hydrochloric acid, saturated potassium chloride 
solution, 0.1N sodium hydroxide solution and phenolphthalein 
indicator. All the reagents used were of AR grade. 
Procedure: 
5 g of air dried soil sample was treated with 0.2N 
hydrochloric acid till it became acidic. It was shaken for 
half an hour, and then filtered through buchner funnel till 
the filtrate was free from chloride ions. The residue was 
transferred from the buchner funnel to a beaker and a sus-
pension of known concentration was prepared. It was then 
treated with the same volume of a saturated potassium chlo-
ride solution, shaken for half an hour and left overnight. 
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The exchanged acidity was titrated with standard 0.1N sodium 
hydroxide solution using phenolpnthalein as an indicator. 
From the amount of sodium hydroxide required, the cation 
exchange capacity of the soil samples was calculated as 
follows: 
Cation exchange capacity (meq/100 g of soil) = 
Volume of 0.1N NaOH x N of NaOH 
Weight of the soil sample 
2.5 .5 Determination of calcium carbonate: 
Calcium carbonate of the soil samples was determined 
by Piper's rapid titration method (1950). 
Reagents: 
1N hydrochloric ac id , 1N sodium hydroxide and phenol-
ph tha le in i n d i c a t o r . 
Procedure: 
5 g of the soil sample was taken in a 250 ml conical 
flask and 25 ml of 1N hydrochloric acid were added. The 
contents of the conical flask were shaken vigorously and then 
heated gently till the evolution of carbon dioxide stopped. 
The flask was allowed to cool. Two drops of phenolphthalein 
indicator were added and the contents of the flask were 
titrated against 1N sodium hydroxide. 25 ml of 1N hydrochlo-
ric acid was titrated against sodium hydroxide in a separate 
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flask as blank. The percentage of calcium carbonate was 
calculated as follows: 
(Blank titre - Actual titre)
 c 
Percent calcium carbonate = — x 5 
Weight of the soil sample 
2. 5.6 Determination of organic matter: 
Organic matter of the soil samples was determined by 
Walkley and Black's method (1947). 
Reagents: 
1N potassium dichromate solution, sulfuric acid, 
orthophosphoric acid, N/2 ferrous ammonium sulphate solution, 
and diphenylamine indicator. All the reagents used were of 
AR grade. 
Procedure: 
2 g of the soil sample was taken in 500 ml conical 
flask. 10 ml of 1N potassium dichromate solution and 20 ml 
of sulfuric acid were added. The flask was shaken gently 
and allowed to stand for 30 minutes on the asbestos sheet. 
200 ml of distilled water, 10 ml of orthophosphoric acid and 
1 ml diphenylamine indicator were added. A deep violet 
colour appeared. The excess of potassium dichromate was 
titrated against N/2 ferrous ammonium sulphate solution till 
the violet colour changed to purple and finally to green. A 
blank determination was also carried out in the same way. 
Percentage of organic carbon was calculated as follows: 
So 
Percent of organic carbon = 
Blank t i t r e - Actual t i t r e 
Weight of dry s o i l in g x 0.003 x 100 x N 
Where N is the normality of ferrous ammonium sulphate solu-
tion. The value of organic carbon was converted to organic 
matter by multiplying the percentage of organic carbon with 
the factor 1.724. 
2. 5 .7 Determination of Ammonia-Nitrogen (Kjeldahl method); 
Ammonia nitrogen in the soil sample was determined by 
the method of Subbiah and Asija (1956). 
Reagents: 
0.32$ potassium permanganate so lu t ion , 2.5$ sodium 
hydroxide so lu t ion , N/50 sulphuric acid, N/50 sodium hydro-
xide and methyl red i n d i c a t o r . 
Procedure: 
10 g of the soil sample was taken in a Kjeldahl flask 
and 10 ml of distilled water, 50 ml of 0.32$ potassium per-
manganate and 50 ml of 2.5$ sodium hydroxide solution were 
added. The flask was then immediately fitted to the distil-
lation apparatus. 10 ml of N/50 sulphuric acid were taken in 
a conical flask and the end of the delivery tube of the dis-
tillation apparatus was dipped in it. Ammonia gas distilled 
from the distillation flask and about 20 ml of the distillate 
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was collected in the flask containing 10 ml of 0.02N sulfuric 
acid. The excess of sulfuric acid was titrated against N/50 
sodium hydroxide in the presence of methyl red indicator. A 
blank determination was also carried out in the same way. 
Available ammonia nitrogen was calculated using the following 
formula. 
Percent ammonia nitrogen in soil = 
Blank titre - Actual titre „ « . 
——————^^————^—————— x N x 1.4-
Weight of soil 
where N = Normality of sodium hydroxide. 
2. 5 .8 Determination of available potassium; 
Available potassium was determined as per turbidity 
method of Dutta et al. (1963). 
Reagents; 
Morgan's reagent (100 g sodium acetate and 30 ml gla-
cial acetic acid were made upto 1 litre), isopropyl and 
methyl alcohol mixture, sodium cobaltinitrite solution (50 g 
of cobalt nitrate, 300 g of sodium nitrite in distilled water 
and 25 ml of glacial acetic acid. All the contents were 
diluted to 1 litre with distilled water) and standard pota-
ssium solution to draw the standard graph. 
Procedure; 
5 g of the soil sample was taken in a 100 ml conical 
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flask and 25 ml Morgan's reagent was added. The conical 
flask was shaken for 5 minutes and the contents filtered 
through Whatman filter paper No. 42. 
2 ml of the alcohol mixture was taken in a test tube 
and 6 drops of sodium cobaltinitrite solution were added to 
it. After shaking 2 ml of the above soil extract was added 
and the volume made upto 10 ml with Morgan's reagent. The 
solution was shaken vigorously for 20 seconds. A uniform 
turbidity was developed. A blank was also prepared in the 
same manner using 2 ml Morgan's reagent instead of soil 
extract. The absorbance of the turbid solution was recorded 
with HACH model DR-EL/4 spectrophotometer at a wavelength of 
660 nm. A potassium standard curve was plotted in the con-
centration range 0-90 ppm in order, to evaluate the potassium 
concentration from the recorded absorbance of the soil sample. 
2. 5.9 Determination of available phosphorus; 
The method followed, was evolved by Olsen et al. 
(1964). 
Reagents: 
4.2# sodium bicarbonate solution (pH, 8.5), charcoal, 
chloromolybdic acid (15 g ammonium molybdate + 30 ml concen-
trated HC1 + 650 ml warm distilled water), stannous chloride 
solution (freshly prepared). 
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Procedure; 
5 g of soil sample was taken in a 150 ml conical flask 
and a teaspoonful of carbon black was added to i"b • The 
sample was then treated with 100 ml of 4.2$ sodium bicarbonate 
solution. The contents of the flask were shaken for 30 
minutes on a shaker, kept overnight and then filtered through 
Whatman filter paper No. 42. 
5' ml of the clear soil extract was taken in a 25 ml. 
measuring flask and 5 ml of chloromolybdic acid was added 
and the contents were swirled to mix. 1 ml of SnCl2 solution 
was added after shaking the contents and the volume made upto 
the mark and shaken again. A blue colour was developed. A 
blank was also run without soil sample in the same manner. 
The absorbance of the solution was recorded after 5 minutes 
with a HACH model DR-EL/4 spectrophotometer at a wavelength 
of 660 nm. A phosphorus standard curve was plotted in the 
concentration range of 0-250 ppm. The concentration of phos-
phorous was determined by means of the standard curve at the 
observed absorbance. 
2.6 Collection and Analysis of Effluent Samples 
The industrial effluents used in these studies were 
collected in plastic containers at the outer points fron 
where these are discharged from the factories. The effluents 
were analysed for their physico-chemical characteristics, 
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namely, colour, pH, turbidity, electrical conductivity, sus-
pended solids, dissolved solids, dissolved oxygen, biochemi-
cal oxygen demand, chloride, sulphate, potassium, magnesium, 
calcium, total hardness, total alkalinity and total phospho-
rus etc. using HACH model DR-BL/4 kit for water and waste-
water analysis based on the Standard methods for the examina-
tion of water and wastewater (1975). 
2.6.1 Determination of bio-chemical oxygen demand (BOD)• 
The biochemical oxygen demand is a process in which 
micro-organisms feed upon the organic matter to degradate 
it into its simpler constituents. This is an aerobic pheno-
menon in which micro-organisms survive in the presence of 
dissolved oxygen of the sample. The BOD test is widely used 
to determine the pollution power or strength of sewages, and 
industrial wastes in terms of the oxygen that they will 
require if discharged into the natural waters. 
Reagents: 
Manganese sulphate solution (40 g manganese sulphate 
made to 100 ml with distilled water), alkali azide (50 g 
sodium hydroxide + 13.5 g sodium iodide, diluted to 100 ml 
with distilled water, 1 g of sodium azide in 4 ml distilled 
water added to it), sulphuric acid, starch solution indicator 
and 0.1N sodium thiosulphate solution. 
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Procedure: 
Different volumes of the effluent samples were placed 
in the BOD bottles (300 ml) to get several dilutions of the 
samples to obtain the required depletions ranging between 
0.1 to 1.0$. These bottles were filled with dilution water 
(distilled water), stoppered and incubated for five days in 
the incubator maintained at 20°C The dissolved oxygen of 
these samples was determined by first adding 2 ml of manga-
nese sulphate solution followed by 2 ml alkali azide reagent 
by means of a graduated pipette by dipping its end well below 
the surface of the liquid. The bottles were stoppered and 
mixed well by inverting the bottle. The bottles were allowed 
to stand till the precipitate settled halfway, leaving a 
clear supernate above the manganese hydroxide floe. The 
stopper was removed and 2 ml sulfuric acid was immediately 
added. The bottle was restoppered and mixed by gentle inver-
sion until dissolution was complete. 203 ml of the sample 
was taken in the 500 ml conical flask, 2 ml starch indicator 
added and titrated against 0.025N sodium thiosulphate solu-
tion till the disappearance of the blue colour. The reading 
of sodium thiosulphate used up was the dissolved oxygen of 
-1 _1 
the sample in mgl . The BOD was calculated in mgl using 
the following relation: 
-1 D1 - D2 
mgl BOD = — 
P 
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where D< and Dp are the dissolved oxygen of the diluted sam-
ples 15 minutes after the preparation of the sample and 5 
days of incubation, respectively and P is the decimal frac-
tion of the sample used. 
2. 6.2 Determination of chemical oxygen demand (COD); 
The chemical oxygen demand (COD) determination is a 
measure of the oxygen equivalent of that portion of the orga-
nic matter in a sample that is susceptible to oxidation by a 
strong chemical oxidant. It is an important, rapidly 
measured parameter for stream and industrial waste studies. 
Principle; 
Most types of organic matter are destroyed by a boil-
ing mixture of chromic and sulfuric acids. The sample is 
refluxed with known amounts of potassium dichromate and sul-
furic acid and the excess dichromate is titrated with ferrous 
ammonium sulphate. The amount of oxidizable organic matter, 
measured as oxygen equivalent, is proportional to the pota-
ssium dichromate consumed. 
Reagents; 
Mercuric sulphate, silver sulphate, 0.25N potassium 
dichromate, 0.1N ferrous ammonium sulphate and ferroin indi-
cator. All the reagents used were of AR grade. 
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Procedure: 
0.4 g of mercuric sulphate was placed in a refluxing 
flask and 20 ml of the sample or an aliquot diluted to 20 ml 
with distilled water was added. These were mixed well and 
10 ml of 1N potassium dichromate added to it followed by 
50 ml of sulfuric acid and a small amount of silver sulfate. 
A blank was run using distilled water instead of the sample. 
These were subjected to reflux for 2 hours, cooled and then 
diluted to about 100 ml with distilled water. The contents 
were then titrated against standard ferrous ammonium sulfate 
solution using ferroin as indicator. 
Calculation: 
_1 (a - b) x c x 8,000 
mgl COD = - • 
ml sample 
where a = ml of ferrous ammonium sulfate used for blank 
titration; 
b = ml of ferrous ammonium sulfate used for sample 
titration, 
c = Normality of ferrous ammonium sulfate solution. 
2. 7 germination of Seeds and Irrigation Pattern 
One kilogram of pulverized and sieved soil was placed 
in each of a number of 15 cm diameter earthenware pots, which 
were irrigated daily for six weeks with 100$, 75$, 50$, 25$ 
and 0$ (control) effluent concentrations. The seeds of 
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different crops were ohtained from Indian Agriculture Research 
Institute, New Delhi and healthy seeds were selected for the 
experiments. The seeds were then surface sterilized by abso-
lute alcohol and ten seeds were sown in each pot. Each 
treatment was replicated five times. One set of earthenware 
pots was kept without plants for each concentration to moni-
tor the effects of industrial effluents on soil alone. The 
number of seeds germinated in each pot was recorded daily. 
From this data, the percentage of germination and the maxi-
mum time taken for germination of seeds in each effluent 
treatment was determined. This was compared with the germi-
nation in the pots irrigated with the tap water (control). 
2. 8 Growth of Plants 
The growth of plants was monitored for six weeks. 
After six weeks of sowing, the shoot and root lengths of the 
plants were measured, in order to determine the effect of 
different concentrations of the effluent on the growth of the 
plants. 
CHAPTER 3 
POLLUTION IN THE GANGES RIVER (INDIA) 
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CHAPTER 3 
POLLUTION IN THE GANGES RIVER (INDIA) 
3.1 Introduction 
The Ganges River originates in the mighty Himalayan 
mountains in an ice cave, known as 'Gow-Mukh', at a height 
of about 6,614 m in Tehri Garhwal of Uttar Pradesh. Out 
of the ice-cave it pours out onto the land and flows on and 
on across Uttar Pradesh, Bihar and Bengal where finally it 
merges into the Bay of Bengal. According to the Hindu 
mythology, the Ganges River is considered holy, sacred and 
a great purifier from sin. During the course of its journey, 
covering about 2.523 km, it passes through several important 
cities which are thickly populated and highly industrialized. 
While passing through these cities, the Ganges River 
receives large volumes of domestic and industrial effluents 
from there. The disposal of the two types of wastewaters 
has posed a perennial problem and resulted in gross pollu-
tion of the river, due to which the Ganges River has become 
one of the most heavily polluted river in India. The worst 
culprits for the degradation of water quality of the river 
are the community sewage, ashes of the burnt bodies and 
unburnt dead bodies cremated near its banks and the indus-
trial effluents containing various pollutants. 
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In recent years, due to the awareness about pollu-
tion, Government and Scientists in almost all the countries 
have sought to,initiate programmes for the monitoring and 
abatement of river pollution including the heavy metal 
pollution in the rivers. Kia (1974) has reported the water 
pollution of the Han River by raw sewage, raw night soil 
and industrial wastes. Sargent (1975) showed that the 
Buffalo river, as a result of adverse hydraulic conditions 
and high waste loadings from industrial discharges and from 
combined sewer overflows, exhibited a summertime dissolved 
oxygen concentrations of < 1 mg 1~ . Brieva (1979) has 
studied the contamination in the Emadalquivir River in 
Spain by the urban sewage. Gupta and Pandey (1980) have 
carried out the environmental pollution monitoring of the 
river Pandu at Kanpur. The effect of Baghdad city on the 
water quality of the Tigris River has been studied by Mutlak 
et al. (1980) . 
There are numerous sources of domestic and industrial 
effluents leading to the heavy metal enrichment of water, 
sediments, vegetation and fish in rivers. A knowledge of 
distribution of trace metals in water, sediments, plants 
and fish play a key role in detecting sources of heavy metal 
pollution in the aquatic system (Forstner and Wittman, 
1979). 
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In the immediate past increasing attention has "been 
focussed on the toxic metals such as cadmium which has been 
recognized as a potential health hazard (Page and Bingham, 
1973; Commission of European Communities, 1974). Cadmium 
has been known to inhibit renal function and was found res-
ponsible for a most publicized Itai-itai disease of Japan 
(Murata et al., 1970). The etiological agent of Itai-itai 
disease, cadmium was derived from the Mitsui mine, a source 
of zinc, lead and cadmium, approximately 50 km upstream of 
Zingu River in Japan. 
Oliver and Kinrade (1972) have studied the heavy 
metal concentration in Ottawa River and Rideau River sedi-
ments and found that the source of metallic pollution is the 
municipal and industrial wastewater. Delisle and Demers 
(1977) found that mercury levels have increased in the 
Quevillon and Bell Rivers and lake Metagami due to discharges 
from a nearby caustic soda plant. Reece et al. (1978) have 
reported heavy metal concentration in the Idaho River due 
to local mining operations. 
The monitoring of heavy metals in the sediments of 
the rivers is necessary for establishing the extent of 
pollution at a particular sampling station. However, it 
should be noted that once the metal reaches the sedimentary 
phase, it is not necessarily thereby fixed for all times, 
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but may be recycled via biological and chemical agents 
(James, 1978; Warren, 1981). The suspended particles 
carried by various industrial effluents and domestic sewage 
are ultimately deposited as sediments containing measurable 
concentrations of lead, zinc, cadmium, chromium, copper, 
nickel, cobalt, manganese and iron etc. (Duddridge and 
Wainwright, 1981; Forstner and Wittmann,1981; Byres and 
Pugh-Thomas, 1978; Hamilton-Taylor, 1979; Jenne, 1968; 
Muller and Forstner, 1975). It has also been reported that 
metal levels have been raised upto ten times in rivers 
Ottawa and Rhideau and lake Michigan due to the discharge 
of urban and industrial effluents (Leland et al., 1973; 
Oliver, 1973). The municipal wastewater increased the heavy 
metal contents of the bottom sediments in a receiving stream 
approximately 4.5 folds (Abo-Rady, 1980). Transport of nine 
heavy metals in the Necker River was investigated by Mueller 
(1980) by comparing concentrations of heavy metals in sedi-
ment samples taken between 1973 and 1979. The silt and clay 
fraction of bottom sediments of Iowa River was found to 
contain iron, manganese, barium, zirconium and rubedium at 
levels greater than 1 mg kg" (Tsai et al., 1978). 
The ability of the submerged fresh water plants to 
take up heavy metals from the water, has been shown for 
many species of the plants. It has been suggested that 
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chemical analysis of the tissues of submerged plants may 
give valuable information about contamination of the sur-
rounding water (Harding and Vhitton, 1981). Adams et al. 
(1973) have suggested that the use of plants as monitors 
gives an integrated picture of pollution within a parti-
cular system. Dietz (1973) has stated that analyses for 
heavy metals in submerged plants could be a useful method 
of assessing the average concentration of metals in the 
water. Empain (1976) has pointed out that analysis of 
plant material gives an estimate of the concentration of 
metal in the water that is available for uptake. Keeney 
et al. (1976) have suggested that the algae, Cladophora 
glomerata is a potentially useful monitor of concentrations 
of heavy metals in river water. 
Whitton (1980) has also reported a linear relation-
ship between the concentrations of zinc, and lead in Clftdo-
phora glomerata and their concentrations in surrounding 
water at the time of collection. Trollope and Evans (1976) 
gave an account of the concentrations of Fe, Ni, Cu, Zn and 
Pb in a range of filamentous algae near smelting wastes in 
the lower Swansea Valley (Wales). The concentration of 
Zn, Cd, Pb and Hg in marine algae was reported to decline 
over a period of six months when plants were transplanted 
to prestine area (Myklestead and Eide, 1978). 
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The trace metals are generally taken up into the 
human body via the gastrointestinal tract through drinking 
water and food. Several authors have reported that the 
uptake of metals from food is the most important route in 
the environment for contamination (Preston, 1971 ; Pent-
reath, 1973; Schulz-Baides, 1974; Cunningham and Tripp, 
1975; Phillips, 1976). The question of heavy metals in 
fresh water fish became an issue only in sixties when 
serious mercury contamination was detected in Japan (Acke-
fors et al., 1970). The Minamata (Fujiki, 1972; Kutsuna, 
1968; Tsubaki, 1971) and Itai-itai (Murata et al., 1971) 
diseases were caused apparently by mercury and cadmium 
contamination in the aquatic environment. The heavy metal 
concentration in aquatic organisms can be a good indicator 
of the water quality (Salanki et al., 1982). Goldberg 
(1975) has suggested mussels as a trace metal indicator in 
the marine environment. Sturesson (1976,1978) found large 
cadmium and lead concentrations in the shells of Mytilus 
edulis. Suckcharoen et al. (1978) noted the anomalously 
high mercury concentrations (0.32-3.6 ppm) in the fish 
(Ophiocephalus striatus) collected from the Chao Phraya 
river in the vicinity of a caustic soda factory. 
The objectives of the present study were to investi-
gate the impact of sewage and industrial effluents on the 
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physico-chemical characteristics of the river water and 
concentrations of heavy metals, viz. cadmium, cobalt, chro-
mium, copper, iron, manganese, nickel, lead and zinc in 
the water, sediments, submerged plants and fish of the 
Ganges River at different sampling stations and to discuss 
the mechanism of sedimentation of the heavy metals through 
pH, organic matter and calcium carbonate. The studies 
were carried out in the year 1981 . 
3.2 Study Area and Collection of Samples 
The Ganges River is about 2523 km long and is deep 
and fast flowing. The present studies cover about 1100 km 
and eight important cities, namely Narora, Kannauj, Kanpur, 
Fatehpur, Allahabad and Varanasi in Uttar Pradesh and Patna 
and Monghyr in Bihar situated along its banks. At most of 
the sampling stations two sampling points were established, 
one at the upstream (i.e., just before entering the city) 
and the other at the downstream (just after leaving the 
city). Five samples of water, sediments, submerged plants 
and fish were collected from each of the sampling site. 
The samples were brought to the laboratory in plastic con-
tainers and polyethylene bags. The submerged plants 
(Eicchornia crassipes) and a common fish (Heteropnuestes 
fossilis) were selected as test species for the determina-
tion of heavy metals in plants and fish, respectively. The 
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water samples collected from the different sampling sta-
tions were analysed physico-chemically for temperature, pH, 
total solids, turbidity, hardness, total alkalinity, chlo-
rides, sulphates, phosphates, dissolved oxygen, biochemical 
oxygen demand (BOD) and chemical oxygen demand (COD) using 
Standard Methods (1975). The samples of water, sediment, 
plant and fish for the heavy metal determination by atomic 
absorption spectrophotometer were prepared according to the 
procedures already described in Chapter 2. 
3.3 Results and Discussioa 
3.3.1 Physical measurements; 
The sampling stations along the river bank have been 
illustrated in Fig. 3.1. The measurements for river water 
temperature, turbidity and flow rate data of the river at 
different sampling stations have been presented in Table 
3.1. These data indicated a minimum surface water tempera-
ture of 19.3°C at Allahabad and a maximum of 21.2°C at 
Narora in the winter season. The flow rate data showed 
that the river is fast flowing at most of the sampling 
stations. The lowest flow rate was observed at Narora 
(321.0 m s" ) probably due to the presence of a dam where 
river water is stored for releasing into several canals 
which emerge from the Ganges River at Narora. It was also 
noted that the flow rate of the river was increasing in the 
102 
downstream than the farther upstream which was evident 
from the fact that the maximum flow rate was found at 
Monghyr (7248.0 m 5s~ 1). 
A wide range of turbidity in the river water was 
observed at different sampling stations (2.0 + 0.9 to 18.0 
+8.6 FPU). The minimum and maximum turbidity values were 
obtained at Monghyr and Varanasi, respectively. The turbi-
dity is an aesthetic problem for the domestic use of water 
but it can also be a significant one for irrigation purposes. 
The solid particles can settle down and clog water convey-
ances and thus choke the distribution systems. The sprink-
ler irrigation systems may also be clogged by sediments 
present in the river water (Mutlak et al., 1980). 
3.3.2 Chemical constituents: 
The concentrations of different chemical components 
in the Ganges River water which may be useful for judging 
the quality of the river water have been presented in Table 
3.2. 
The river maintained an alkaline pH at all the sampl-
ing stations and ranged between 8.10 +_ 0.05 - 8.80 + 0.15. 
The minimum pH of the river was obtained at Allahabad where-
as the maximum pH was determined at Kanpur. Kanpur city is 
one of the highly industrialized cities in northern India. 
/ 
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The city is mainly famous for its tannery industries which 
produce large volumes of tannery wastes. In the tannery 
yard, the leather is passed through several processes. 
These include chrome tanning, shaving and finishing. The 
finishing operation includes bleaching, stuffing and fat-
liquoring and colouring. The actual pH of the tannery 
wastewaters range between 11 to 12 (Nemer_ow, 1978). These 
wastewaters are discharged directly into the river and this 
may be a reason, of the high pH values of the Ganges River 
at Kanpur. L 
The concentrations of dissolved solids varied from 
175.0 + 23.5 mg 1~ (Narora) to 489.0 + 63.3 mg l" (Vara-
nasi) at different sampling stations depending upon the 
availability of sewage and industrial effluents to the 
receiving waters. 
Both the chloride and sulphate ions showed a very 
wide range of fluctuation at different sampling stations. 
Minimum values of chlorides (9.0 + 2,2 mg l" ) and those of 
sulphates (6.5 + 1.3 mg 1" ) were at Kannauj and Narora, 
respectively whereas the maximum values (36.5+7.1 mg 1 
and 36.5 + 6.7 mg 1~ ) were recorded at Varanasi and Allah-
abad, respectively. However, these concentrations are not 
expected to impose any serious hazards to the crops (Lund, 
1971). The considerable variation in the chloride and 
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sulphate concentrations may be due to the variation in the 
volumes of industrial and sewage effluents being poured into 
the river at different sampling stations. 
The deoxygenation of river water by the discharge of 
sewage and industrial effluents is a great problem which is 
also temperature dependent. However, due to the fast flow 
and abundance of water, the depletion of oxygen content in 
the Ganges river was very low. The dissolved oxygen con-
centrations were determined in the river water in the range 
of 7.25 + 0.62 mg l" - 8.90 + 0.04 mg 1" . The lowest 
dissolved oxygen was found at Kanpur, showing the magnitude 
of pollution at that place, whereas the highest concentra-
tion of the dissolved oxygen was obtained at Kannauj. It 
has been observed that the river after passing through 
Kanpur retained its high dissolved oxygen content at Allah-
abad showing its capacity for self-purification. The high 
rate of self-purification was probably due to the fast flow 
of the river because of which it was capable of absorbing 
and assimilating oxygen from the surface (Klein, 1957). 
\The total hardness of the water in the Ganges Hiver 
was found highest at Kanpur (173.0 + 17.7 mg 1 ) and lowest 
at Kannauj (128.0 + 16.2 mg 1 ). However, the hard water 
as irrigant is not a limiting factor for plant growth since 
calcium and magnesium which are responsible for hardness, 
V 
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are useful nutrients for plant growth.' 
(Considerable concentrations of phosphates were 
obtained at most of the sampling stations, the highest 
being at Yaranasi (0.52 + 0.03 ig l" ). The high phosphate 
concentrations in the river water may be due to the crema-
tion of bodies at the river banks, after which the ashes 
are thrown into the river water which leads to the upvalua-
tion in the phosphorus levels there} Organophosphorous 
pesticides and phosphate fertilizers, which are in extensive 
use these days, ultimately reach the river by surface run-
off, causing upvaluation of the phosphorus values in the 
river. Iodine, bromine and chlorine remained undetected at 
all the sampling stations. 
The concentrations of heavy metals (Cd, Co, Cr, Cu, 
Fe, Mn, Ni, Pb and Zn) in river water and sediments at 
different sampling stations have been presented in Tables 
3.3 and 3.4. 
The presence of various metals in the aquatic environ-
ment is dependent on a wide range of chemical, biological 
and environmental factors. Among them the important factor 
which influences the availability of trace metals in the 
aquatic system is the hydrogen ion concentrations (pH). The 
pH of the whole stretch of the river monitored was in the 
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range of 8.1-8.8. The effect of pH changes on the specia-
tion of zinc, copper, cadmium and lead was computed by 
Zirino and Yamamoto (1972). The free ions are found mainly 
at low pH, whereas the metals get precipitated at higher pH 
values. Metzner (1977) studied the fate of copper, lead 
and zinc at different pH values in wastewater and found that 
solubility of the metals is optimum at pH 7 and decreases 
with the increase in pH upto certain values. Our results 
also showed highest copper concentrations 44.25-44.57 fig 1" 
in water at Allahabad where the lowest pH (8.1-8.2) of the 
river was recorded, followed by Varanasi (11.65-12.90 pg 1"" 
at pH 8.3-8.4), whereas copper was found in the undetectable 
limits at Narora where pH was recorded as high as 8.6-8.7. 
However, in the present studies this phenomenon could not 
be correlated at every sampling station for all the metals 
due to entering of the pollutants from diverse non-point 
sources into the river. The world's mean stream concentra-
tion of copper as reported by Goldberg et al. (1971) was 
7 fig 1" , whereas in the Ganges River it was as high as 
44.25-44.57 fig 1" at Allahabad. 
Cadmium was detected in the river water at very few 
sampling stations, whereas lead was present at all the samp-
ling stations in small concentrations. However, the maximum 
concentrations of cadmium and lead were determined in the 
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r i v e r water at Kanpur (0 .50-0.53 fig 1" ) and Allahabad 
(2 .02-2.22 u^g 1" ) , r e spec t ive ly . The wor ld ' s mean stream 
concentra t ions of lead as reported by Goldberg et a l . (1971) 
was 3 jag 1~ which shows tha t the lead l e v e l s in the present 
s tud ies were smaller than the wor ld ' s mean stream concentra-
t i o n . 
The highest chromium concentra t ions in the water 
were obtained at Narora (53.0-57.2 jag 1~ ) followed by 
Varanasi (46.0-51 .0 fig 1" ) . The chromium concentrat ions 
at Narora also exceeded the stream standard for t r o p i c a l 
countr ies of 50.0 fig 1" proposed by Pescod (1973). 
The i ron and manganese l e v e l s were highest in the 
water samples co l lec ted from Allahabad (125.0-133.8 fig 1" 
and 85.4-93.0 fig 1" , r e s p e c t i v e l y ) . I ron and manganese 
might have entered the aqueous system from var ious ferrous 
i n d u s t r i e s e f f l uen t s . 
The highest zinc concentra t ions were found at Narora 
(60.15-67.36 fig 1~1) followed by Varanasi (50.90-56.49/ igl~ 1 ) 
which are higher than the wor ld ' s mean stream concentrat ion 
of z inc (20yug 1~1) ( l o c . c i t . ) . 
The p r e c i p i t a t i o n of t r a c e metals with increase in 
pH, has been studied by Dean et a l . (1972). Accordingly, 
the low l e v e l s of heavy metals cadmium, coba l t , chromium, 
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copper, iron, manganese, nickel, lead and zinc in the Ganges 
River water as compared to those of the sediments were in 
accordance to the expectations as the pH of the river water 
was found above 8.0 at all sampling stations. 
The determination of heavy metal concentrations in 
the surface water samples collected from the rivers at 
intervals reveals considerable variation. The establish-
ment of metal levels in the sediments, therefore, play an 
important role in determining the sources and the extent of 
metallic pollution at a particular sampling station. An-
other difficulty arises from the contaminants which are not 
readily soluble but become rapidly fixed to the particulate 
matter in the receiving water body. This applies, in parti-
cular, to the heavy metals chromium, mercury and lead. Even 
close to the point of input, the metal content in water 
decreases to its normal level making detection difficult in 
the water phase. Although the sediments analyses do not 
represent the extent of intoxication, they can be employed 
to study the sources of pollution such as surreptitious dis-
charge by the factories. Under favourable conditions, the 
pollution sources can even be detected long after the input 
has taken place. Further, it is also possible to determine 
the development of pollution intensity from the dated sedi-
ment cores. 
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The highest chromium, manganese and nickel concen-
trations were found in the sediments collected at varanasi. 
The cobalt levels were found maximum at Kanpur. The iron 
concentrations were found highest in the sediment samples 
collected at Narora, whereas zinc and lead concentrations 
were found maximum in the Monghyr sediments. 
The physico-chemical characteristics of the sedi-
ments of the Ganges River at all the eight sampling stations 
are presented in Table 3.5. The organic matter was found 
in high concentration at most of the sampling stations. 
Higher concentrations of the organic matter were recorded 
at Narora, Kanpur, Allahabad and Varanasi probably due to 
the high organic pollution by sewage and synthetic indus-
trial pollutants being disposed off from these cities. The 
organic matter of the aquatic systems consists of the 
remains of biologically produced compounds as well as of 
synthetic organic substances. The attractive forces bet-
ween metal ions and soluble, colloidal or particulate organie 
material may be weak, leaving the ions easily replaceable 
or strong which are not distinguishable from the chemical 
bonds as in metal chelation by organic material (Saxby, 
1969). Krauskopf (1955) pointed out that the adsorption 
of cations on organic substances is due particularly to the 
general negative charge of the colloids. According to 
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Curtis (1966) positive correlation between metals like Cr, 
Cu, Mn, Ni, U and V and organic carbon occurs when metal 
ion interact in solution with the dissolved organic material 
which in turn get concentrated by adsorption, which may 
later settle down onto the sediments. The organic material 
can sorb between 1$ and 10$ dry weight of Co, Cu, Fe, Pb, 
Mn, Mo, Ni, Ag, V and Zn. It has, therefore, been concluded 
that the enrichment of metals in the sedimentary rocks may 
be largely attributable to humates having acted as scaven-
gers or completing agents (Swanson et al. , 19 6*5). Rashid 
(1974) has shown that copper is preferentially sorbed (53%) 
on the organic material, followed by zinc (21$), nickel (14$), 
cobalt (8$) and manganese (4$). Hildebrand and Blua (1974) 
have studied the influence of pH on the sorption of lead 
onto the organic substances and have revealed that at alka-
line pH more lead is sorbed than under acidic conditions. 
In case of the Ganges River it seems quite probable that 
different metals might have interacted with the organic 
matter in the water phase and after being concentrated by 
adsorption, settled down onto the sedimentary phase, result-
ing in the high concentration of the heavy metals in the 
sediments. 
High values of iron, manganese and zinc were found in 
the sediments collected from different sampling stations. 
Iron and manganese might have entered the aqueous system 
I l l 
from various ferrous industries effluents. Under alkaline 
pH conditions few minutes are required to hydrolyse iron 
(Stumm and Lee, 1960) to form insoluble hydroxide (Stumm 
and Morgan, 1970) which settles down onto the sediments of 
the river. This is the probability in the present case 
also. The hydrous oxides of iron and manganese also consti-
tute significant sinks of heavy metals in the aquatic systems 
(Lee, 1975). These hydroxides and oxides readily sorb or 
co-precipitate cations and anions. Even a low percentage 
of Fe (OH), and Mn02 has a controlling influence on the 
heavy metal distribution in an aquatic system. Groth (1971) 
has observed that the metals cobalt, zinc and copper get 
precipitated from the natural inland lake water with Fe/Mn 
hydroxide at the rate of 67#, 86% and 96%, respectively. 
High concentrations of different metals in the sediments of 
the Ganges River may also be attributed to the fact that 
metals might have precipitated along with hydroxides and 
oxides of iron and manganese. 
The sediments of the Ganges River were found to con-
tain 1.5-6.99^  calcium carbonate content which is an appre-
ciable quantity. The high concentrations of the nine heavy 
metals in the sediments as compared to their concentrations 
in water may also be due to the precipitation of these 
metals with carbonates. The conditions for calcium carbonate 
precipitation have been classified by Muller et al. (1972). 
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If an alkaline water body comes into contact with and gets 
2+ -
mixed in the river water with normal Ca and HCO, levels 
under neutral pH conditions, the pH will increase. Conse-
quently, the solubility product of calcium carbonate is 
drastically reduced and CaCO- is precipitated in the mixing 
zone, carrying heavy metals from the solution along with it. 
Investigations of Salomons and Mook (1978) on the transition 
region from the Rhine River showed that the decrease of the 
dissolved load of zinc, cadmium and nickel was directly 
dependent on the precipitation of carbonate minerals. Co-
precipitation experiments on calcium carbonate performed by 
Popova (1961) showed that the heavy metal carbonates of low 
solubility such as CoCO* and PbCO, are completely eliminated 
from the solution as a result of CaCO-z precipitation. 
Patchineelam (1975) has demonstrated the precipitation of 
cadmium, copper and zinc along with CaCO, in the Elbe River 
estuary as a result of mixing of normal river water with 
alkaline effluent from an industrial plant. The high values 
of the metal contents in the sediments of Ganges River may 
be attributed to the precipitation of metal contents along 
with calcium carbonate. 
The phosphorus concentrations in the sediments were 
A 
found in the range of 98.0-711.0 mg kg . The cremation of 
bodies near the banki of the river and disposal of the ashes 
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into the river may he the reason of the upvaluation in the 
phosphorous content of the river. The organophosphorus 
pesticides, phosphate fertilizers (Khan et al., 1981) and 
detergents are also responsible for high phosphorus level 
of the river sediments. However, little work has been done 
on the amounts of heavy metals that are introduced into the 
sediment phase with large quantities of phosphorus. 
The concentrations of heavy metals in submerged plants 
(Eicchornia crassipes) and fish (Heteropnuestes fossilis) 
have been presented in Tables 3.6 and 3.7. 
The ability of algae and other plants to concentrate 
heavy metals in them from their aquatic environment has been 
observed by several environmental scientists (Adams et al., 
1973; Bryan and Hummerstone, 1973; Haug et al., 1974; Harding 
and Whitton, 1981). 
Cadmium in the submerged plants was found to be pre-
sent in low concentrations at all the sampling stations, 
with the highest concentration (0.09 + 0.009 Mg g~ ) 
recorded at Patna. The effects of cadmium chloride on the 
green algae Oedogonium cardiacum were monitored by Sparks 
(1978). It was observed by him that CdCl2 at 1, 10 and 25 
ppm concentrations caused distortion of the phycoplast of 
some young germlings and also caused the distortion in shape 
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and size of the nucleus of young filaments. Prevot and 
2+ —1 
Soyer (1978) reported that Cd at ) 5 jug 1 decreased the 
2+ growth of P. micans cultures. Cd appeared to accumulate 
in or on the surface of cells, causing rupture of the ascus 
with the release of cellular material. 
At most of the sampling stations iron and manganese 
were detected in high concentrations in the submerged plants. 
There seems a correlation between the availability of iron 
and manganese metals together. At all the sampling stations 
where iron was found in high concentrations, manganese was 
also detected in large quantities. However, the highest 
iron and manganese concentrations were found at Varanasi 
(1873.0 + 269.2 jag g~1) and Monghyr (1880.0 + 252.5 jag g~1) , 
respectively. 
Nickel was found to be present in the range of 5.6 
+ 1.1 -23.3+3.8 jag g in the submerged plants, the 
highest concentration being found at Varanasi. Nickel is 
known to be accumulated by algae (Skaar et al., 1974; 
Trollope and Evans, 1976) and to inhibit the algal growth 
(Hutchinson and Stockes, 1975; Fezy et al., 1979; Spancer 
and Greene, 1981). Patrick et al. (1975) have reported that 
species composition and diversity of algal communities in 
experimental streams decreased when the communities were 
exposed to 0.002 to 1.0 mg 1~ of nickel. Nickel has also 
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been shown to inhibit nitrification (Liang and Tabatabai, 
1978), carbon mineralization (Bhuiya and Cornfield, 1972; 
Cornfield, 1977) and the activities of acid and alkaline 
phosphatases (Juma and Tabatabai, 1977) in soil. 
In the Ganges River, the copper concentrations were 
found highest in the submerged plants collected from Vara-
nasi (39.2 + 7.3 /ag g ) followed by Kanpur (24.1 + 6.2 
/n& g~ ) and Monghyr (21.5 + 4.3 fig g~ ). Copper in the 
lower concentrations has been used for the control of 
noxious growth of algae in the aqueous system (Sutton et al., 
1972). The irrigation with water containing copper affected 
the growth and yield of tobacco when soil contents of copper 
reached a level of ^  200 ppm after irrigation (Chen, 1978). 
The maximum chromium concentration in the submerged 
plants were found at Kanpur (2100.0 + 258.1 fig g ) followed 
by Varanasi (213.6 +. 58.3 fig g~ ). The high chromium con-
centrations at Kanpur may be due to the presence of several 
tanneries along the banks of the river which discharge their 
chromium rich effluents into the river, raising thereby the 
metal concentration in the plants at that place./ 
Cobalt and lead were also detected in the submerged 
plants in considerable amounts at all the sampling stations. 
The maximum concentrations of cobalt (10.6 +. 2.5 *ig g~ ) 
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and lead (13.7 + 3.1 yag g~ ) were determined at Kannauj and 
Kanpur, respectively. 
r -1 
The highest zinc concentrations (232.5 + 47.5 ^xg g ) 
were found in the plants collected from Kanpur sampling 
station. Kanpur city has a big fertilizer factory which 
discharges its effluent into the river.v It is well known 
(Khan et al., 1981; Lee and Keeney, 1975) that commercial 
fertilizers are responsible for upvaluation of zinc in water 
and sediments of the river. The uptake of the metals by the 
plants from sediment and water is obvious and that may be 
the reason of the elevated levels of the zinc metal in the 
submerged plants collected from Kanpur. 
The concentrations of heavy metals in the fish 
collected from the Ganges River have been presented in Table 
3.7. The heavy metal content of the aquatic animals origi-
nates from two routes of intake, free ions and simple com-
pounds dissolved in the water are taken up directly through 
the epithelium of the skin, gills and alimentary canal while 
others, having been accumulated in food organisms are incor-
porated by nutrition. In uncontaminated natural environments 
the heavy metal concentration in water and living organisms 
depends on the geochemical sources. However, in the past 
few decades the occurrences in waters and the accumulation 
of substances originating from industrial, agricultural and 
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domestic sources in organisms have "become more and more 
common (Salanki et al., 1982). The metals from the aquatic 
environment are generally taken up into the human body via 
the gastrointestinal tract through drinking water and food. 
The effects of heavy metals on human health have been the 
cause of concern for last several decades. The most strik-
ing incident of metal intoxication was Minamata disease in 
which hundreds of Japanese were seriously affected and many 
of them died after consuming mercury-contaminated fish 
(Kiyoura, 1962; Shimizu, 1972). The other heavy metals such 
as chromium, copper and zinc when discharged into the water, 
can enter the food chain, be bio-accumulated by fish and 
hence become a threat to human beings. 
The maximum average of cadmium concentration in the 
fish from the Ganges River was 0.28 yug g" detected at Kanpur 
followed by Patna fish samples (0.24 fig g~ ) . At Kannauj, 
Allahabad and Varanasi the metal could not be detected in 
fish samples. It has been estimated that long term exposure 
with a daily intake of even small quantities of the metal 
may produce renal disfunction (Hagino and Toshiyoka, 1961). 
The range of cadmium concentrations in food that may cause 
vomitting has been reported to be 3-15 ppm (Oak Ridge 
National Laboratory, 1975). Several deaths by cadmium inges-
tion have been reported by many workers (G-leason et al., 
1969; U.S. Public Health Service, 1962; Browing, 1961). The 
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Japanese Itai-itai disease was caused by chronic cadmium 
poisoning. There appears to be no well accepted standards 
for various heavy metals in the foodstuffs that are safe 
for consumption. The Tasmanian Public Health Service has, 
however, set the acceptable limits of cadmium in food as 
5.5 yug g~ wet wt. (Eustace, 1974). All of the fish samples 
collected from the Ganges River were found to have cadmium 
concentrations (dry wt.) below this limit. 
The maximum average of chromium concentration in the 
fish samples were obtained at Kanpur (24.91 /ug g~ ) followed 
by Monghyr (24.33 fig g~ ) and Patna (22.41 Mg g" ). The 
high concentration of chromium has been reported to be car-
cinogenic (Sawyer and McCarty, 1978). Chromium is also 
associated with nausea and ulcers after long term exposures 
(McKee and Wolf, 1963; Camp, 1963). The U.S. Environmental 
Protection Agency (1975) has restricted the permissible 
levels of chromium in drinking water at 50 yug 1" . 
The highest copper concentrations in the fish samples 
were also found at Kanpur (11.25 p.g g~~ ) followed by the 
fish samples collected from Narora (10.33 Mg g~ ). Copper 
is an essential metal in a number of enzymes. Excessive 
intake of copper results in its accumulation in the liver 
(Forstner and Wittmann,1981). The toxicity due to copper 
is rare and usually is not serious. 
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The maximum average of lead concentrat ions in f i sh 
samples were also found at Kanpur (21 .16 / ig g ) followed 
by Allahabad f i sh samples (15.33 fig g~ ) and Varanasi (14.41 
jug g~ ) • I* has been found from the experiments tha t r a t s 
and mice fed with 25 yug g Pb as soluble lead sa l t in the 
d ie t decreased t h e i r longevity and impaired reproduction 
capaci ty (Luckey et a l . , 1975). Lead consumption can pose 
a hazard to the reproduction processes in mammal systems 
(Luckey and Venugopal, 1976). In labora tory r a t s Rattus 
noryegicus, low l e v e l of lead treatment r esu l t ed in the 
absence of spermatogenesis i n some seminiferous tubules 
(Der et a l . , 1976). Lead i s a lso known to i n h i b i t t e s t i -
cular development in coturnix qua i l (Morgan et a l . , 1975). 
Hildebrand et a l . (1973) o r a l l y t r e a t e d experimental r a t s 
with 100 ug of lead a day for 30 days which caused a s i g n i -
f i can t reduct ion in t e s t i c u l a r weights . The lead poisoning 
i s a lso a major source of brain damage, mental deficiency 
and ser ious behavioral problems (Chisoln, 1971). The U.S. 
Environmental P ro tec t ion Agency (1975) has r e s t r i c t e d the 
permissible l e v e l of lead in dr inking waters to be 50 /ig 1 . 
The concentra t ions of i ron and manganese ranged from 
23.35 t o 1614.0 jug g"1 and 28.33 to 161.66 ja.g g"1 , r espec-
t i v e l y in the f i sh samples captured from the r i v e r . The 
highest concentra t ions of i ron and manganese in the f i sh 
samples were obtained at Allahabad. 
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Zinc in the fish samples was found to be present in 
the range of 130.83-556.20^g g~ at different sampling 
stations. Zinc is one of the most abundant essential trace 
elements in the human body. It is a constituent of all 
cells and several enzymes depend upon it as a cofactor. 
Moderately increased zinc concentrations in water stemming 
from the release of zinc from drainage pipes due to corro-
sion do not induce any clinical manifestations. The results 
of laboratory tests on animals indicate, however, that the 
metabolism of humans may be affected, especially of children 
and patients already suffering from irregular metabolism 
with high concentrations of zinc. Moore (1978) has reported 
gastrointestinal bleeding in a patient after ingestion of 
zinc sulphate, 220 mg twice daily for the treatment of acne. 
Although man has the ability to reject most of the 
ingested heavy metals, part of them can be retained and 
accumulated with age in various organs of the body which 
with the passage of time may become a health hazard. 
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TABLE 3 . 1 : PHYSICAL CHARACTERISTICS OF THE GANGES RIVER 
WATERS AT DIFFERENT SAMPLING STATIONS (1981) . 
Sampling 
S t a t i o n 
Narora 
Kannauj 
Kanpur 
(upstream) 
Kanpur 
(downstrean 
Fa t ehpur 
Al lahabad 
V a r a n a s i 
(upstream) 
Colour 
C o l o u r l e s s 
C o l o u r l e s s 
C o l o u r l e s s 
Grey i sh 
0 
Greyish 
C o l o u r l e s s 
C o l o u r l e s s 
V a r a n a s i Grey i sh 
(downstream) 
P a t n a 
Monghyr 
C o l o u r l e s s 
C o l o u r l e s s 
Paramet 
Temperature 
(°c) 
21.2+2.1 
20 .5+2.6 
20 .1+1 .8 
20 .3+2.0 
19 .7+2.6 
19 .3+2.2 
20 .1+2.3 
20 .4+1.9 
20 .6+2.8 
20.8+3.1 
e r s 
Flow r a t e 
(mV1) 
321.0 
1542.0 
-
1679.0 
1725.0 
1870.0 
-
4120.0 
5693.0 
7248.0 
T u r b i d i t y 
(FTU) 
7.2+1.9 
8 .0+2.2 
8 .0+2.8 
14.0+6.1 
9 .0+3.3 
11.0+7.2 
9.0+2.9 
18.0+8.6 
3.0+1.1 
2.0+0.9 
TABLE 3 . 2 : CHEMICAL CHARACTERISTICS OF THE GANGES RIVER WATERS AT DIFFERENT 
SAMPLING STATIONS ( 1 9 8 1 ) . 
Sampling 
S t a t i o n 
Narora 
Kannau j 
Kanpur 
(ups t ream) 
Kanpur 
(downstream) 
Fatehpur 
Allahabad 
Varanasi 
(upstream) 
Varanasi 
(downstream) 
Patna 
Monghyr 
pH D 
8.70 + 0.14 
8.70 + 0.21 
8.70 + 0.13 
8.80 + 0.15 
8.65 + 0.13 
8.10 + 0.05 
8.35 1 0.08 
8.30 + 0.12 
8.45 + 0.11 
8.45 + 0.16 
.ssolved oxygen 
(DO) 
8.70 + 0.24 
8.90 + 0.04 
8.30 + 0.91 
7.25 + 0.62 
7.80 + 1»10 
8.40 + 1.60 
8.70 + 0.83 
8.10 + 1.00 
7.60 + 0.56 
7.85 + 0.73 
Parameters 
Biochemical 
oxygen demand 
(BOD) 
5.20 + 1.77 
4.90 + 1.34 
5.42 + 0.67 
6.87 + 1.31 
4.75 + 1.72 
4. 60 + 1 . 60 
4.20 + 1.64 
4.00 + 1.21 
5.83 + 1.17 
5.02 + 1.13 
Chemical 
oxygen demand 
(COD) 
6.70 + 1»70 
6.90 + 2.40 
10.20 + 3.64 
12.04 + 3.61 
8.00 + 1.10 
7.10 + 2.10 
7.40 + 1.10 
11.70 + 5.10 
9.48 + 1.20 
8.77 + 0.70 
Tota l So l ids 
175.0 + 23.5 
300.0 + 48.0 
278.0 + 29.8 
350.0 + 62.0 
330.0 + 41.8 
260.0 + 62.1 
371.0 + 58.2 
489.0 + 63.3 
460.0 + 43.6 
450.0 + 39.0 
itinued . . . 
TABLE 3.2: continued ... 
Sampling 
Station 
Parameters 
Total Hardness Total Alkalinity Chlorides Sulphates Phosphates 
Narora 1 4 1 . 0 + 1 7 . 6 1 7 4 . 0 + 1 0 . 0 9 . 2 + 1 . 5 6 . 5 + 1 . 3 0 . 4 2 + 0 . 0 2 
Kannauj 1 28.0 + 16.2 181.0 + 14.4 9.0 + 2.2 8.0 + 1.8 0.40 + 0.01 
Kanpur (upstream) 
Kanpur 
(downstream) 
Fatehpur 
1 3 6 . 0 + 1 3 . 0 1 8 2 . 0 + 1 1 . 0 1 0 . 0 + 3 . 3 1 3 . 0 + 2 . 6 0 . 4 2 + 0 . 0 1 
173.0 + 17.7 183.0 + 13.3 17.0 + 6.0 16.5 + 4 .0 0.40 + 0.00 -
1 7 1 . 2 + 1 1 . 0 1 9 1 . 0 + 8 . 6 1 5 . 0 + 4 . 4 2 0 . 0 + 4 . 8 0 . 5 0 + 0 . 0 2 
Allahabad 156.0 + 18.4 188.0 + 16.1 25.0 + 5.8 36.5 + 6.7 0.46 + 0.01 
Varanasi (upstream) 
Varanasi 
(downstream) 
Patna 
142.0 + 9.0 184.0 + 9.2 30.0 + 5.6 26.0 + 3.8 0.43 + 0.01 
1 4 4 . 0 + 1 5 . 0 1 8 0 . 0 + 1 1 . 0 3 6 . 5 + 7 . 1 2 7 . 0 + 4 . 0 0 . 5 2 + 0 . 0 3 
1 6 0 . 0 + 1 8 . 8 1 8 2 . 0 + 1 3 . 3 2 1 . 0 + 3 . 0 1 1 . 0 + 1 . 7 0 . 4 5 + 0 . 0 2 
Monghyr 157.0 + 10.4 189.0 + 12.8 18.0 + 3 .8 8 .2 + 2.0 0 .49 + 0.01 
N.B. 1. Chlor ine , Bromine and Iodine were a l so determined but were not found in 
d e t e c t a b l e l i m i t s . 
2 . All va lues except pH have been expressed in mg 1~ . 
TABLE 3 . 3 : CONCENTRATIONS OF HEAVY METALS IN THE WATER OF THE GANGES RIVER (yag 1 ) 
(1981) . 
P a r a m e t e r s 
Sampling S t a t i o n Cadmium Cobalt Chromium Copper 
Narora 
Kannauj 
Kanpur (ups t ream) 
Kanpur (downstream) 
F a t e h p u r 
Al lahabad 
V a r a n a s i (ups t ream) 
V a r a n a s i (downstream) 
P a t n a 
Monghyr 
ND 
ND 
ND 
0 . 5 0 - 0 . 
ND 
ND 
ND 
ND 
0 . 2 5 - 0 . 
0 . 3 7 - 0 . 
53 
27 
40 
4 . 0 0 - 4 . 6 0 
ND 
3 . 0 7 - 3 . 3 9 
4 . 3 2 - 4 . 8 9 
1 .00-1 .30 
3 . 0 0 - 3 . 3 0 
3 . 0 5 - 3 . 3 7 
2 . 0 0 - 2 . 7 0 
2 . 5 5 - 2 . 8 4 
ND 
5 3 . 0 0 - 5 7 . 2 0 
3 . 0 0 - 3 .20 
6 . 0 0 - 6.80 
6 . 0 5 - 6.71 
6 . 4 7 - 7 .10 
1 6 . 8 7 - 1 8 . 3 2 
13 .67-15 .01 
4 6 . 0 0 - 5 1 . 0 0 
3 . 2 0 - 3 .52 
6 . 0 0 - 6 .56 
ND 
1.00- 1.10 
1 .65- 1.81 
5 . 3 5 - 5 .67 
5 . 6 2 - 6.02 
4 4 . 2 5 - 4 4 . 5 7 
ND 
1 1 . 6 5 - 1 2 . 9 0 
1 . 2 0 - 1.29 
3 . 0 0 - 3 .80 
cont inued . . . 
TABLE 3 .3 : continued . . . 
Parameters 
Sampling S ta t ion Iron Manganese Lead Nickel Zinc 
Narora 
Kannauj 
Kanpur (upstream) 
Kanpur (downstream) 
Fatehpur 
Allahabad' 
Yaranasi (upstream) 
Varanasi (downstream) 
Patna 
Monghyr 
50 .0 -
3 1 . 3 -
26 .0 -
4 0 . 2 -
22 .0-
125.0-
4 4 . 0 -
3 5 . 0 -
3 2 . 0 -
4 7 . 0 -
54.1 
33.6 
29.1 
48.7 
24.5 
133.8 
48.0 
39.3 
35.2 
50.8 
35.0-39.1 
47.2-51.6 
36 .7-40 .8 
71.4-78.0 
61.0-66.5 
85 .4-93.0 
53.3-58.6 
59.3-65.6 
44.9-49.9 
48.2-52.0 
0.72-0.79 
ND 
0.82-0.91 
0.97-1.08 
ND 
2.02-2.22 
2.00-2.18 
1.55-1.72 
0.40-0.43 
0.40-0.45 
4 .0-4 .40 
2 .0-2.19 
3.0-3.30 
4 .0-4 .30 
2 .0-2.18 
5.0-5.60 
3 .0-3.30 
4 .0-4 .80 
2.0-2.10 
2.0-2.13 
60.15-67.36 
7 .75- 8.05 
9.05-10.04 
10.45-12.30 
12.50-13.75 
9.15-10.12 
8 .65- 9.51 
50.90-56.49 
7 .37- 8.10 
10.60-11.60 
TABLE 3 . 4 : CONCENTRATIONS OF HEAVY METALS IN THE SEDIMENTS OF THE GANGES RIVER 
(jug g" 1 ) ( 1 9 8 1 ) . 
Sampling 
S t a t i o n 
P a r a m e t e r s 
Cadmium Cobal t Chromium Copper I r o n 
Narora 
Kannauj 
Kanpur 
(ups t ream) 
Kanpur 
(downstream) 
F a t e h p u r 
Al lahabad 
Va ranas i 
(ups t ream) 
V a r a n a s i 
(downstream) 
P a t n a 
Monghyr 
NT) 
0 . 2 0 - 0 . 2 3 
3 . 1 7 - 3 . 4 8 
0 . 8 0 - 0 . 8 8 
0 . 5 0 - 0 . 5 6 
ND 
6 . 9 5 - 6.71 
2 . 3 5 - 2.61 
13.00-14.40 
75.25-81.78 
3.12- 3.38 
3.97- 4.34 
13.60-14.89 
1.27- 1.38 
5.00- 5.50 
3.10-3.33 13.00-13.40 33.00-36.30 14.00-15.30 
4 . 8 5 - 5 .32 9 . 0 0 - 9 .90 6 . 0 0 - 6.80 
3 . 3 0 - 3 .62 5 8 . 0 0 - 6 3 . 3 0 8 8 . 0 0 - 9 5 . 0 0 
5 . 0 0 - 5 .70 66 .00 -73 .00 5 . 2 5 - 5.68 
10568.0-11624.8 
2168.0- 2383.5 
2808.0- 3087.8 
4 4 3 8 . 0 - 4871 .6 
5388.0- 5922.4 
3388.0- 3723.8 
2578.0- 2836.1 
0.60-0.65 8.42- 9.16 75.75-83.16 80.00-87.00 5138.0- 5641.6 
0.80-0.86 4.00- 4.80 12.00-14.00 2.00- 2.60 2698.0- 2966.3 
0.60-0.67 4.67- 5.17 10.00-10.90 5.17- 5.66 6658.0- 7322.8 
continued ... 
TABLE 3 .4 : continued . . . 
Sampling S ta t ion Manganese 
Naro r a 
Kannauj 
Kanpur (upstream) 
Kanpur (downstream) 
Fatehpur 
Allahabad 
Varanasi (upstream) 
Varanasi (downstream) 
Patna 
Monghyr 
393.0-428.2 
110.5-117.2 
128.0-139.6 
183.0-197.0 
235.5-251.0 
160.5-172.5 
140.5-153.5 
435.5-470.0 
158.0-169.3 
298.0-320.6 
Parameters 
Nickel Lead Zinc 
10.42-11.44 7 . 0 0 - 8 , 6 0 194.0-213.4 
3 . 6 0 - 3 . 9 2 0 . 6 5 - 0 . 7 1 121.0-133.6 
4 . 5 5 - 5 . 0 5 -11.00-11.90 195.0-214.5 
6.17- 6.82 12.40-13.60 197.0-217.9 
7 .67- 8.36 0 .55- 0.60 293.0-318.3 
4 .92- 5.41 12.00-13.10 275.0-299.5 
4 .47 - 4.90 2 .00- 2.18 233.0-250.3 
26.70-28.80 15.00-16.35 276.0-303.3 
3 .45- 3.79 3.00- 3.40 72 .0 - 80.8 
7 . 9 2 - 8 . 6 6 20.00-21.80 396.0-418.6 
TABLE 3 . 5 : CHEMICAL ANALYSES OF THE SEDIMENTS OF THE GANGES RIVER ( 1 9 8 1 ) . 
P a r a m e t e r s 
Sampling S t a t i o n pH Calcium Organic Potassium Phosphorus 
carbonate matter .. .. 
# f mg kg" mg kg"" 
Narora 
Kannauj 
Kanpur (upstream) 
Zanpur (downstream) 
Fatehpur 
Allahabad 
Varanasi (upstream) 
Varanasi (downstream) 
Patna 
Monghyr 
8.2-8.3 
8.3-8.4 
8.1-8.2 
8.1-8.2 
8.0-8.1 
7.5-7.6 
8.2-8.3 
8.3-8.4 
7.2-7.3 
7.6-7.7 
4.6-5.3 
1.5-1.8 
1.8-2.1 
2.7-2.9 
3.8-4.4 
2.1-2.6 
2.8-3.2 
3.8-4.6 
5.6-6.1 
6.6-6.9 
0.413-0.429 
0.025-0.044 
0.181-0.211 
0.517-0.562 
0.349-0.381 
0.664-0.710 
0.651-0.735 
0.687-0.756 
0.168-0.225 
0.149-0.157 
48.0-56.0 
29.0-36.0 
22.0-27.0 
18.0-23.0 
42.0-45.0 
10.0-16.0 
18.0-24.0 
90.0-98.0 
32.0-37.0 
27.0-33.0 
695.0-711.0 
138.0-144.0 
98.0-106.0 
100.4-111.0 
120.0-131.0 
648.0-659.0 
649.0-66I.0 
624.0-629.0 
109.0-121.0 
126.0-134.0 
TABLE 5.6: CONCENTRATIONS OF HEAVY METALS IN THE SUBMERGED PLANTS (Eicchornia 
crassipes) OF THE GANGES RIVER (/igg~1) (1981). 
Parameters 
Sampling Station Cadmium Cobalt Chromium Copper Iron 
Narora 
Kannauj 
Kanpur (ups t ream) 
Kanpur (downstream) 
F a t e h p u r 
Al lahabad 
V a r a n a s i (ups t ream) 
V a r a n a s i (downstream) 
P a t n a (ups t ream) 
P a t n a (downstream) 
Monghyr 
0 .02+0.007 
0 .01+0.009 
0 .04+0.001 
0 .05+0.005 
0.02+0.001 
0 .01+0.005 
0 .02+0.005 
0 .04+0.004 
0 .08+0.008 
0 .09+0.009 
0 .04+0.002 
5 .9+1 .5 
10 .6+2 .5 
2 . 2+0.5 
4.5+1 .0 
4 . 1 + 0 . 9 
1 .5+0.2 
7 .9+2.1 
9 .9+2 .4 
6.6+1 .9 
6 .7+2 .5 
6.2+1 .7 
5 .2+1.2 
6.8+1 .0 
165 .2+82.7 
2100.0+258.1 
17 .6+4 .7 
15 .7+4 .9 
47 .8+9 .9 
215 .6+58.5 
10 .2+5 .6 
12 .7+5 .9 
12 .8+4 .2 
10 .8+2 .4 
5 .9+0.9 
19-5+4.7 
24 .1+6 .2 
9.6+1 .1 
5 .2+1 .5 
26 .8+5 .8 
59 .2+7 .5 
7 .1+1 .4 
7 .9+1 .5 
21 .5+4 .5 
465.0+ 8 7 . 5 
495 .0+105.5 
1045.0+142.7 
1505.0+211.2 
965.0+117.7 
896 .0+155.0 
1875.0+269.2 
1215.0+197.4 
1095.0+161.1 
1577.0+219.8 
925.0+157.5 
continued ... CO 
CD 
TABLE 3 .6 : continued . . . 
Parameters 
Sampling S ta t ion Manganese Nickel Lead Zinc 
Narora 
Kannauj 
Kanpur (upstream) 
Kanpur (downstream) 
Fatehpur 
Allahabad 
Yaranasi (upstream) 
Yaranasi (downstream) 
Patna (upstream) 
Patna (downstream) 
Monghyr 
1270.0+263.0 
260.0+ 47.1 
699.4+ 89.3 
1330.0+272.2 
500.0+ 70.5 
441.1+ 71.3 
1650.0+255.0 
1850.0+281.3 
670.0+ 60.1 
803.0+ 93.2 
1880.0+252.5 
7.1+0.7 
12.8+1.5 
10.1+1.3 
11.9+2.0 
5.8+1.2 
5.6+1.1 
17.0+2.7 
23.3+3.8 
7.4+0.9 
7.9+1.5 
9.4+0.7 
4.8+1.00 
4.0+1.10 
9.8+2.70 
13.7+3.10 
11.9+1.40 
3.4+0.90 
7.7+0.85 
9.6+3.60 
6.0+1.50 
9.2+2.00 
5.5+0.71 
25.2+ 5.0 
17.8+ 3.2 
178.2+31.7 
232.5+47.5 
30.5+ 2.3 
49.5+ 9.2 
147.5+26.9 
34.8+ 4.5 
27.9+ 3.9 
148.4+29.1 
35.8+ 5.3 
CO 
TABLE 3 . 7 : HEAVY METAL CONCENTRATIONS ( / i g g ) IN THE FISH FROM THE GANGES RIVER 
(Average of f i v e samples) 
P a r a m e t e r s 
S a m p l i n g — • • — 
Station Cadmium Cobalt Chromium Copper Iron Manganese Nickel Lead Zinc 
Narora 
Kannauj 
Kanpur 
Fatehpur 
Allahabad 
Varanasi 
Patna 
Monghyr 
0.025 
ND 
0.280 
0.100 
ND 
ND 
0.240 
0.140 
2.91 
1 .06 
0.67 
1.37 
7.25 
5.25 
2.00 
2.50 
1.91 
2.10 
24.91 
3.88 
3.75 
2.41 
22.41 
24.33 
10.33 
5.53 
11 .25 
4.71 
5.33 
6.58 
5.00 
4.58 
244.00 
79.91 
74.00 
23.35 
1614.00 
274.00 
134.00 
174.00 
111.66 
31.67 
28.33 
42.25 
161 .66 
61.72 
86.66 
61.66 
2.40 
1 .50 
1.41 
2.13 
3.83 
3.66 
3.41 
7.41 
3.83 
1.44 
21 .16 
5.10 
15.33 
14.41 
10.25 
12.50 
144.16 
132.41 
240.25 
146.50 
556.20 
237.50 
175.83 
130.83 
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CHAPTER 4 
HEAVY METAL POLLUTION IN THE YAMUNA RIVER (INDIA) 
4.1 Introduction 
Yamuna River originates from Yamunotri glacier, ten 
km west of the famous Himalyan peak Bunderpunch. Yamuna is 
considered to he one of the most sacred rivers according to 
the Hindu mythology. It is a thin narrow stream near its 
origin which "becomes wider at Kharsali village just below 
Yamunotri. It, then comes to Haryana and afterwards to 
Delhi and Uttar Pradesh. In Uttar Pradesh at Allahabad it 
meets its sister river Ganga. Along its way it passes 
through some very important cities which have now become 
very thickly populated and highly industrialised. Due to 
the unplanned industrialisation and population explosion of 
the country the river has become one of the most heavily 
polluted river in India. 
The Yamuna River while passing through the capital 
city of Delhi, receives large volumes of domestic and indus-
trial effluents. To an approximate estimate about 200 
million gallons of wastewater is released daily into the 
river from Delhi only. The quality of water remains 
deteriorated at Mathura, a city about 135 km from Delhi and 
at Agra, the city of Taj Mahal. All of these cities indis-
criminately pour into it their sewage and industrial wastes 
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either partially treated or altogether untreated. The quan-
tum of untreated wastewater getting into the Yamuna River is 
put at about 5,15,000 kilo litres a day. 
In most of the developing countries the disposal of 
sewage and industrial wastes is often conducted without 
critical appraisal of the impact upon the receiving waters. 
There are numerous sources of domestic and industrial eff-
luents leading to heavy metal enrichment of water, sediments, 
vegetation and fish. A characteristic example of the 
effects of sewage effluents on the concentrations of dis-
solved metals in coastal seawater has "been given by Martin 
et al. (1976) from the investigations conducted in the 
immediate vicinity of Los Angeles county outfall at White's 
Point. Malmquist (1975) has reported that urban stormwater 
contains metal concentrations which vary extremely with 
regard to locality and the time of sampling. The increasing 
domestic use of detergents is also creating metallic pollu-
tion. Angino et al. (1970) found that most enzyme deter-
gents contained trace amounts of metals. Oliver and Kinrade 
(1972) studied the heavy metal concentrations in Ottawa 
River and Rideau River sediments and found that the source 
of metallic pollution is the municipal and industrial waste-
water. A typical example of pollution caused by iron and 
steel industry has also been reported (Prater, 1975). It 
was reported that iron and manganese had the highest mean 
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concentration due to blast furnaces and ferromanganese 
plants. Zinc and lead occurred at similar concentration 
level. Delisle and Demers (1977) found that mercury levels 
have increased in the Quevillon and Bell Rivers and lake 
Metagami due to the discharges from a nearby caustic soda 
plant. 
The establishment of metal levels in sediments is 
necessary for detecting sources and extent of metal pollution 
in aquatic system. A considerable increase of chromium in 
the sediments has been reported in the Rhine River by Banat 
et al. (1972). They have attributed the metal accumulation 
in the Rhine sediments to industrial and domestic waste 
input. Turekian and Scott (1967) have detected the concen-
trations of chromium, silver, molybdenum, nickel, cobalt and 
manganese in the suspended matter from eighteen rivers of 
United States which they ascribed to the industrial contami-
nation. 
Polprasert (1982) has reported high concentration of 
cadmium, copper, chromium, lead, zinc and mercury in the 
waters and sediments of ChaoPhraya River estuary in Thailand. 
Elevated levels of metal contents were found in Chao Phraya 
River as reported by Menasveta et al. (1979). 
vy/#admium and zinc additions to soils by commercial 
•J 
fertilizers and wastewater sludge application have also been 
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studied (Lee and Keeney, 1975). The contamination of Zn 
and Cd in river water "by commercial fertilizers has also 
been reported (Khan et al. , 1981). 
The biological indicator organisms have been used by 
many authors to monitor the time averaged abundance of trace 
metals and other pollutants in the aquatic environment. 
Several authors have suggested that chemical analyses of the 
tissues of submerged plants may give valuable information 
about contamination of the surrounding water. Adams et al. 
(1973) have suggested that the use of plant 'monitors' gives 
an integrated picture of pollution within a particular 
system. 
Freshwater flora ranging from algae to mosses and 
higher water plants have proven to be good indicators of the 
heavy metals in freshwater environment. Keeney et al. (1976) 
established that the metal contamination in the Cladophora 
glomerata algae was dependent on the heavy metal concentra-
tions in their environment. The Cladophora populations 
extracted from the heavily polluted Deadman's Bay on lake 
Ontario had much higher zinc and cadmium concentrations than 
those on a remote island of the lake. The same algae was 
also studied by Abo-Rady (1977) in the upper leine River 
downstream from Gottingen where he found a significantly 
higher contamination due to Cd, Cu, Hg, Ni, Pb and Zn than 
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further upstream. Leland and McNurney (1974) found high 
lead concentrations in the periphyton of the Vermillion 
River, a water body heavily polluted by urban wastewater. 
Upon studying the amounts of zinc and copper enriched in 
Cladophora rivularis, Bibo (1977) found that the heavy metal 
contamination in two separate sections of Elsenz River dif-
fered significantly. Reay (1972) found that algae (Nitella 
hookeri) from geothermically heated areas of New Zealand 
contained tentimes more arsenic than algae from non-heated 
areas. Heydt (1977) found the highest concentration of Cd, 
Zn, Pb and Cu in the plant leaves. The uptake of Fe by the 
roots of aquatic plants greatly increased levels in the 
shoots (Getner, 1977). 
The heavy metal content of aquatic animals originates 
from two routes of intake, free ions and simple compounds 
dissolved in the water are taken up directly through the 
epithelium of the skin, gills and alimentary canal, while 
others, having been accumulated in food organisms, are in-
corporated by nutrition (Salanki et al., 1982). Several 
authors have agreed that the uptake of metals from food is 
the most important route in the environment (Preston, 1971; 
Pentreath, 1973; Schulz-Baldes, 1974; Cunningham and Tripp, 
1975; Phillips, 1976). The so called Minamata (Fujiki, 
1972; Kutsuna, 1968; Tsubaki, 1971) and Itai-itai (Murata 
et al. , 1970) diseases were caused apparently by mercury and 
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cadmium contamination in the aquatic environment. Phillips 
(1977, 1978) reported higher levels of zinc, cadmium, lead 
and iron in common mussles, Mutilus edulis from the Baltic 
sea than in those from Kattegat or Skagerrak. Suckcharoen 
et al. (1978) noted the anomalously high concentrations 
(0.32-3.6 ppm) in fish (Ophiocephalus striatus) collected 
from Chao Phraya River. 
The objectives of this study were to investigate the 
impact of domestic and industrial effluents on the concen-
trations of cadmium, copper, cobalt, chromium, iron, manga-
nese, nickel, lead and zinc metals in the water, sediments, 
plants and fish of the Yamuna River and to discuss the 
mechanism of sedimentation of metals through pH, organic 
matter and calcium carbonate. The studies were carried out 
in the year 1981. 
4.2 Study Area and Collection of Samples 
The Yamuna River flows through a distance of about 
1376 km and merges with the sister river Ganga at Allahabad. 
The present study covers about 840 km and five important 
cities, namely Delhi, Mathura, Agra, Etawah and Allahabad. 
Five sampling points were established at each sampling 
station covering about 5 km upstream to downstream stretch 
of the river for the collection of the samples. The water, 
sediment, plant and fish samples were collected from all the 
sampling stations. The samples were brought to the labora-
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tory in plastic containers and polyethylene bags. The sub-
merged plants (Eicchornia crassipes) and a common fish 
(Heteropnuestes fossilis) were selected as test species for 
the determination of heavy metals in plants and fish, res-
pectively. The samples of water, sediment, plant and fish 
for heavy metals determination by atomic absorption spectro-
photometer were prepared according to the procedure des-
cribed in Chapter 2. 
4.3 Results and Discussion 
The concentrations of the heavy metals (Cd, Co, Cr, 
Cu, Fe, Mn, M , Pb and Zn) at different sampling stations 
(Fig. 4.1) in water, sediment, plant and fish samples of the 
Yamuna River have been presented in tables 4.1, 4.2, 4.4 and 
4.5. 
The availability of the heavy metals in the aquatic 
system usually depends upon the hydrogen ion concentration 
(pH). The pH of the rivers usually remain relatively alka-
line, however, abnormal values of pH may not be excluded. 
The pH of the surveyed river Yamuna varied from 7.4 to 7.9. 
The effect of pH changes on the speciation of zinc, copper, 
cadmium and lead was computed by Zirino and Yamamoto (1972). 
The free ions are found mainly at low pH, the carbonate, 
then the oxide, hydroxide or even silicate solids precipi-
tate at higher pH. Our results showed highest copper con-
centration (10.88-26.56 jugl" ) at Agra where the lowest pH 
HO 
of the r i v e r (7 .4-7 .5) was recorded, followed by Delhi 
(6.25-16.31 /igl~1) at pH 7 .4 -7 .6 . 
Metzner (1977) studied the fa te of Cu, Ph and Zn at 
d i f f e ren t pH values in wastewater and found that the so lub i -
l i t y of the metals are optimum at pH 7 and decreases with 
increase in pH upto c e r t a i n l e v e l . However, in the present 
case t h i s phenomenon could not be cor re la ted at every sampl-
ing s t a t i o n because of the enter ing of the diverse non-point 
po l lu t i on in the r i v e r . 
The mean, wor ld ' s stream concentrat ion of Cu as repor-
ted by Goldberg et a l . (1971) was 7.0yugl while in Yamuna 
River i t was as high as 10.88-26.56 yugl" at Agra. 
The i ron concentrations in the r i v e r water at Agra 
were found to be the highest (71 2.0-754.0 yugl"1) . The high 
concentra t ions of i ron in the e f f luen t s from the foundries 
which are discharged in to the r i v e r with the sewage at Agra 
may be the reason for the elevated concentrat ion of i ron in 
the r i v e r water at tha t p lace . ; 
At a l l the sampling s t a t i o n s cadmium and lead metals 
were found in small concentra t ions in r i v e r water. However, 
the wor ld ' s mean stream concentrat ion of lead as reported 
by Goldberg et a l . (1971) was 3 yugl which shows tha t our 
r e s u l t s exhibi ted a s l i gh t ra i sed lead l e v e l s at Mathura 
(3.80-5.10 yugl'1) and Allahabad (1.10-3.51 yugl"1). 
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Maximum chromium concentrations in water were 
obtained at Delhi (20.36-36.70 yugl""1) followed by Mathura 
(22..1 2-31 .60 yugl" ) but the values do not exceed the stream 
standard for tropical countries of 50 yugl" as proposed by 
Pescod (1973). 
The highest zinc concentrations were found at Delhi 
(208.0-231.2 yugl"1) followed by Mathura (1 32.0-U4.0 yugl"1) 
which are higher than the world's mean stream concentration 
of zinc (20 yugl ) . 
The precipitation of trace metals with the increase 
in pH has been reported by Dean et al. (1972). Thus the low 
levels of trace metals in Yamuna River water as compared to 
the sediments were in accordance to our expectations as the 
pH values of the river water were above 7.4. 
Determination of heavy metal concentrations in surface 
water samples collected from rivers at intervals reveals 
fluctuations of several orders of magnitude. The establish-
ment of metal levels in the sediments, therefore, play a key 
role in determining the extent of metal pollution at a 
particular sampling point. The chemical characteristics of 
the sediments of Yamuna River at all the sampling stations 
have been presented in Table 4.3. The sediments of Yamuna 
River were found to contain 2.1-5.2$ calcium carbonate, 
presumably a high quantity. The precipitation of a number 
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of metals with such a quantity of carbonate content is 
inevitable. The high concentration of the nine heavy metals 
in the sediments as compared to water reported in the pre-
sent studies may be due to the precipitation of these metals 
with carbonates. Investigations of Salomons and Mook (1978) 
on the transition region from the Rhine River showed that 
a decrease of the dissolved load of zinc, cadmium, and 
nickel is directly dependent on the precipitation of carbo-
nate minerals which is mainly a result of an increase in pH. 
The concentration of cadmium in the water was very low 
whereas it was high in the sediments at all the sampling 
stations as compared to the concentration of the metal in 
water. Muller et al. (1972) have also reported precipita-
tion of calcium carbonate along with the heavy metals from 
the solution under the high pH conditions. Concentrations 
of cobalt, lead, copper and zinc were also found to be high 
in sediments. Popova (1961) has demonstrated that heavy 
metal carbonates of low solubility such as CoCO, and PbCO, 
are completely eliminated from the solution as a result of 
CaCO-z precipitation. Patchineelam (1975) has reported the 
precipitation of cadmium, copper and zinc alongwith CaCO, 
in the Elbe River estuary as a result of the mixing of nor-
mal river water with alkaline effluent from an industrial 
plant. 
The amount of organic matter was highest at Agra, 
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followed by Delhi and Mathura, probably due to the high 
organic pollution by sewage and synthetic organic pollutants 
disposed off from the mentioned cities. Curtis (1966) has 
explained that metals like Cr, Cu, Mn, Mo, Ni, U and V may 
show a positive association with organic carbon in the sedi-
ments. According to Curtis (1966) positive correlation 
occurs when metal ion interact in solution, with dissolved 
organic matter that are in turn concentrated by adsorption. 
In the case of Yamuna River it seems quite possible that 
metals might have interacted with the organic matter in the 
aqueous phase and then settled down resulting in high con-
centration of the metals in the sediments. A high degree of 
positive correlation is possible between the contents of 
organic materials and metal concentrations in aquatic sedi-
ments. This, however, does not necessarily involve preferen-
tial metal bonding by organic substances since a number of 
mechanisms (for instance, sorption by clay minerals and 
precipitation of Mn/Fe oxides) produce simultaneous accumu-
lation of organic material as well as typical metals, parti-
cularly in the fine grained sediment fractions. Farstner 
(1977) has reported accumulation of metals in association 
of Zn, Cu, and V with organic matter. Cooper and Harris 
(1974) determined a clear enrichment of trace metals in the 
humic substances in the heavily contaminated water from 
River Blyth. Swanson et al. (1966) have reported sorption 
of 1 to 10$ dryweight of metals whereas Rashid (1974) has 
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other reason may be the excessive use of organo-phosphorus 
pesticides which ultimately reach to the river through run-
off. Phosphate fertilizers (Khan et al., 1981) and deter-
gents are also responsible for phosphorus elevation. How-
ever, little has been investigated yet about the amounts of 
heavy metals that are introduced into the sediment phase 
with large quantities of phosphorus. 
Cadmium, chromium, iron, manganese, nickel, lead and 
zinc metal concentrations were found highest in the sub-
merged plants (Eicchornia crassipes) collected from Delhi, 
the capital of the country which houses a large number of 
factories and industrial establishments including those 
manufacturing fertilizers, paper and chemicals. It is known 
(Khan et al., 1981; Lee and Keeney, 1975) that commercial 
fertilizers are also responsible for the upvaluation of 
cadmium and zinc in water and sediments. The uptake of 
cadmium and zinc from water and sediment by the plant is 
obvious. The effects of cadmium chloride on the green algae 
Oedogonium cardiacum were monitored by Sparks (1978). It 
was observed that CdCl2 at 1, 10 and 25 ppm concentrations 
caused distortion of the phycoplast of some young germlings 
and also caused the distortion in shape and size of the 
nucleus of young filaments. Prevot and Soyer (1978) reported 
2+
 Y -1 that Cd at ^  5 ugl decreased the growth of P. micans 
2+ 
cultures. Cd appeared to accumulate in or on the surface 
146 
of cells, causing rupture of the ascus with release of cellu-
lar material. 
Nickel in the submerged plants was found to be in the 
range of 4.4-83.0 yug g at different sampling stations. 
Accumulation of nickel in the fresh water algae has been 
found to act as a growth inhibitor even at low concentra-
tions (Spancer and Greene, 1981). 
Copper in the submerged plants was found in the 
highest concentrations (92.0-114.0 /ig g~ ) at Delhi followed 
by Agra (28.0-41 .4 jug g"1) and Mathura (25.8-37.7 yug g" ). 
Copper in the lower concentrations has been used for control 
of noxious growth of algae in the aqueous system (Sutton et 
al., 1972). Irrigation with water containing copper affec-
ted the growth and yield of tobacco when soil contents of 
copper reached a level of } 200 ppm after irrigation (Chen, 
1978). 
Chromium levels in the submerged plants were found 
highest at Delhi (56.6-64.8 jag g~ ) followed by Mathura 
1 1 
(21 .4-34.4 jag g" ) and Agra (10.6-1 4.9 /ug g ). The high 
concentrations of chromium at Delhi may be due to the eff-
luents of many electroplating and other similar industries 
being poured into the river. 
Iron in the submerged plants was found to be in high 
concentrations at Delhi (1813.0-1853.0 Mg g~ ) and Agra 
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(981 .0-1118.0yug g~ ). This high concentration of iron at 
Agra may be attributed to the presence of large number of 
iron foundries in operation there. There seems a correla-
tion between availability of iron and manganese. At most of 
the sampling stations where iron was found in large quanti-
ties, manganese was also detected in high concentrations. 
Lead and cobalt in the plants were also detected in 
considerable amounts at all the sampling stations. Maximum 
concentration of lead (24.7-30.2yug g ) and cobalt (12.0-
21.3 jotg g~ ) were obtained at Delhi and Mathura sampling 
stations, respectively. 
The impact of heavy metals on man has been of great 
concern for more than three decades. Perhaps the most strik-
ing incident was 'Minamata disease1 in which hundreds of 
Japanese were seriously affected and many died through con-
suming mercury contaminated fish (Kiyoura, 1962). The 
effects of lead poisoning on man has been described by Snyder 
et al. (1971) while those of cadmium poisoning which caused 
the Itai-itai disease were reported by Shimizu (1972). Other 
heavy metals such as Cr, Cu and Zn when discharged into the 
water can enter the food chain, be bio-accumulated by fish 
and hence become a threat to man. 
Cadmium which is considered to be one of the most 
toxic metal was detected in the range ED-0.40 jug g in the 
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fish captured from the Yamuna River. The highest concen-
tration being obtained at Agra. It has been estimated that 
long term exposure with a daily intake of even small quanti-
ties of this metal may produce renal disfunction (Hagino and 
Yoshiyoka, 1961). The range of cadmium concentrations in 
food that may cause vomiting has been reported to be 3-15 
ppm (Oak Ridge National Laboratory, 1973). Several deaths 
following cadmium ingestion have been reported by many 
workers (Gleason et al., 1969; U.S. Public Health Service, 
1962; Browing, 1961). 
The incubation period for chronic cadmium intoxica-
tion varies considerably, usually between 5 and 10 years but 
in some cases upto 30 years. During the first phase of 
poisoning a yellow discoloration of the teeth (cadmium ring) 
is formed, the sense of smell is lost and the mouth becomes 
dry. Subsequently, the number of red blood cells is dimi-
nished which results in impairment of bone marrow. The most 
characteristic features of the disease are lumbar pains and 
leg myalgia, these conditions continuing for several years 
until the patient becomes bed-ridden and the clinical condi-
tions progress rapidly. Urinary excretion of albuminous 
substances result from severe kidney damage. Cadmium in-
duced disturbances in calcium metabolism accompanied by 
softening of bones, fractures and skeletal deformation takes 
place with marked decrease in body height (Friberg et al., 
1974). 
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There appears to be no well accepted standards for 
various heavy metals in the food stuffs that are safe for 
consumption. The Tasmanian Public Health Service has set 
the acceptable limit of cadmium in food as 5.5 jag g~ wet 
weight (Eustace, 1979); all of the fish samples in this 
study had cadmium levels (dry weight) far below than this 
limit. 
The highest chromium concentrations in the fish were 
determined in Delhi samples (1 9.1-26.9 yug g" ) closely 
followed by Mathura samples (20.0-22.5/ug g ). At most of 
the sampling stations substantial amounts of the metal were 
found. The high concentrations of chromium is carcinogenic 
(Sawyer and McCarty, 1978). Chromium is also associated 
with nausea and ulcer? after long term exposures (McKee and 
Wolf, 1963; Camp, 1963). The U.S. Environmental Protection 
Agency (1975) has restricted the permissible level of chro-
mium in drinking water, based on health considerations to be 
50 /ug l"1 . 
The highest copper concentrations in fish were 
detected at Delhi (45.0-58.1 fig g"1) followed by Agra fish 
samples (27.2-38.8yug g~ 1). McKee and Volf (1963) have 
reported that the toxic dose of copper for man is 100 mg. 
The available values in our study were below the toxic 
limits. 
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The maximum lead levels in the fish samples were 
obtained at Agra (9.3-12.8 yug g ). It was closely followed 
by Delhi (9.6-11.3 yug g ). It was found from experiments 
that rats and mice fed with 25 ug g Pb as soluble lead 
salt in the diet had decreased longevity and impaired re-
production capacity (Luckey et al., 1975) which is much 
higher than the lead concentrations found in the' fish from 
the Yamuna River. However, the high concentrations of lead 
in fish may be correlated well with the leaded-gasoline 
consumption of the country. The lead poisoning is a major 
source of brain damage, mental deficiency and serious beha-
vioral problems (Chisolm, 1971). 
The concentrations of iron and manganese ranged from 
-1 -1 
252.0 to 1108.0 jug g and 70.5 to 213.8 jug g , respec-
t i v e l y in the f i sh captured from the r i v e r . 
Zinc was found to be present in the range of 94 .9-
364.8 jag g~ at d i f fe ren t sampling s t a t i o n s . Moore (1978) 
reported g a s t r o i n t e s t i n a l bleeding in a pa t ien t a f t e r 
inges t ion of ZnSO,, 220 mg twice da i ly for the treatment of 
acne. 
Although man has the a b i l i t y to r e j ec t most of the 
ingested heavy metals (Pa t te r son , 1965, reported tha t only 
5% of Pb in take through food i s absorbed), par t of them can 
be re ta ined and accumulated with age in var ious organs of 
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body which with the passage of time may become a health 
hazard. 
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TABLE 4.1: CONCENTRATIONS OF HEAVY METALS IN WATERS OF YAMUNA RIVER (INDIA) 
(/igl~1) (1981). 
Parameters 
Sampling Station pH Cadmium Copper Cobalt Chromium 
Delhi (Rajghat) 
Delhi (Okhla Head) 
Mathura (upstream) 
Mathura (downstream) 
Agra (upstream) 
Agra (downstream) 
Etawah 
Allahabad 
7 .4 -7 .5 
7 .4 -7 .6 
7 .5 -7 .6 
7 .5 -7 .6 
7 .5 -7 .6 
7 .4 -7 .5 
7 .7 -7 .8 
7 .7-7 .9 
ND-0.20 
ND-0.20 
ND 
ND-0.20 
ND 
0.10-0.50 
ND-0.11 
ND-0.20 
4.16-12.70 
6.25-16.31 
7.52-11.44 
5.70- 9.86 
ND - 6.74 
10.88-26.56 
4 .66- 8.35 
4.85-11.05 
1.70-6.43 
4.40-9.96 
0.83-4.02 
1 .06-5.66 
2.93-7.47 
2.10-8.52 
0.79-3.68 
3.82-6.85 
20.36-36.70 
18.08-34.15 
23.50-29.00 
22.12-31.60 
3 . 6 1 - 8.83 
5.23-11.33 
4 .00 - 9.20 
10.25-27.37 
continued ... 
TABLE 4 . 1 : continued . . . 
Sampling 
S ta t ion Iron Manganese 
Delhi 162.0-195.0 121.30-142.50 
(Rajghat) 
Delhi 42 .0 - 68.0 62.30- 84.30 
(Okhla Head) 
Mathura 272.0-318.0 181.60-198.40 
(upstream) 
Mathura 435.0-473.0 85 .00- 92.30 
(downstream) 
Agra 165.0-193.0 5 8 . 3 0 - 7 1 . 1 5 
(upstream) 
Agra 712.0-754.0 112.60-123.70 
(downstream) 
Etawah 121.3-149.5 4 1 . 3 0 - 4 9 . 3 0 
Allahabad 167.0-208.0 38.10- 54.70 
ameters 
Nickel Lead Zinc 
3.10-7.30 0.6-1.30 208.0-231.2 
6.42-9.90 ND-0.90 156.0-168.2 
3.00-5.10 3.8-5.10 111.0-118.0 
3.60-5.80 ND-0.72 132.0-144.0 
4 .70-7.70 ND-0.98 6 6 . 0 - 8 1 . 3 
3.90-8.50 0.2-1.20 7 1 . 3 - 9 8 . 4 
4.30-5.90 0.1-0.51 83 .0 - 90.4 
2.30-6.10 1.1-3.51 123.0-139.0 
TABLE 4.2: CONCENTRATIONS OF HEAVY METALS IN THE SEDIMENTS OF YAMUNA RIVER (INDIA) 
(/igg*1) (1981). 
Parameters 
Sampling Station Cadmium Copper Cobalt Chromium Iron 
Delhi (Rajghat) 
Delhi (Okhla Head) 
Mathura (upstream) 
Mathura (downstream) 
Agra (upstream) 
Agra (downstream) 
Etawah 
Allahabad 
0. 
0. 
0, 
0. 
.40-0.90 
.21-0.28 
ND 
,31-0.66 
ND 
,50-1.40 
ND 
ND 
41.3-59.1 
29.6-40.6 
8 .8-15 .2 
10.5-19.8 
5 .5-11.3 
23.4-46.7 
6 .2 - 9.3 
26.3-44.8 
5 .0 - 9.0 
18.0-29.0 
1 .1 - 6.4 
7 .8-11.5 
4 . 3 - 9.7 
6.6-10.3 
5 . 3 - 6.3 
1.6- 5.8 
98.00-109.00 
47 .09- 63.00 
189.75-199.35 
8 .60- 13.40 
51.00- 59.30 
47 .80- 66.60 
10.70- 12.50 
66.70- 75.50 
3278.0-3485.0 
5568.0-5873.0 
4608.0-4835.0 
6221.0-6475.0 
8948.0-9064.0 
8387.0-9636.0 
2920.0-3120.0 
2828.0-3046.0 
continued ... 
TABLE 4 . 2 : continued . . . 
Sampling S t a t i on Manganese 
Delhi (Rajghat) 
Delhi (Okhla Head) 
Mathura (upstream) 
Mathura (downstream) 
Agra (upstream) 
Agra (downstream) 
Bt awah 
Allahabad 
138.0-168.0 
213.0-284.0 
193.0-214.0 
521.0-558.0 
335.5-394.3 
365.8-389.7 
121.3-128.8 
118.0-135.0 
Parameters 
Nickel Lead Zinc 
33.10-39.50 9.40-17.80 301.00-321.00 
16.00-23.00 2.80- 6.60 202.40-216.10 
5.25-11.34 6 . 0 0 - 9 . 3 0 198.60-211.30 
23.60-31.40 1 . 0 3 - 2 . 3 0 268.15-291.40 
9.50-17.60 11.00-14.40 87.30-101.30 
10.40-19.30 9.90-13.50 78.40-109.70 
4 . 9 0 - 6 . 1 0 1 .50 -1 .60 81 .10 -92 .30 
4 .72- 9.30 8.80-13.20 172.50-190.10 
TABLE 4 . 5 : CHEMICAL CHARACTERISTICS OF SEDIMENTS OF RIVER YAMUNA (INDIA) ( 1 9 8 1 ) . 
P a r a m e t e r s 
Sampling S t a t i o n Calcium Organ ic A v a i l a b l e A v a i l a b l e 
c a r b o n a t e m a t t e r Phosphorus Po t a s s ium 
1 -1 
$ fo mg kg sed imen t s mg kg sed imen t s 
Delhi (Rajghat) 
Delhi (Okhla Head) 
Mathura (upstream) 
Mathura (downstream) 
Agra (upstream) 
Agra (downstream) 
Etawah 
Allahabad 
4.2-4.6 
5.7-4.1 
2.1-2.9 
2.6-5.2 
5.8-4.1 
4.0-5.2 
5.5-3.7 
5.8-4.5 
0.70-0.76 
0.60-0.68 
0.65-0.67 
0.66-0.70 
0.72-0.77 
0.79-0.84 
0.64-0.67 
0.67-0.71 
480.0-489.0 
478.0-485.0 
740.0-780.0 
830.0-870.0 
392.0-405.0 
290.0-296.0 
301.0-311.0 
518.0-523.0 
43.0-51.0 
29.0-36.0 
18.0-23.0 
48.0-67.0 
21.0-29.0 
14.0-24.0 
17.0-21.0 
59.0-46.0 
TABLE 4.4: CONCENTRATIONS OF HEAVY METALS IN SUBMERGED PLANTS (Eicchornia crassipes) 
OF YAMUNA RIVER (INDIA) (1981) (/igg~1). 
Parameters 
Sampling Station Cadmium Cobalt Chromium Copper Iron 
Delhi (Rajghat) 
Delhi (Okhla Head) 
Mathura (upstream) 
Mathura (downstream) 
Agra (upstream) 
Agra (downstream) 
Etawah 
Allahabad 
0.071-0.076 
0.107-0.122 
0.042-0.049 
0.037-0.041 
0.065-0.070 
0.070-0.077 
0.033-0.038 
0.025-0.030 
11.9-16.1 
10.3-15.0 
3 . 7 - 5.9 
12.0-21.3 
3 . 7 - 6.6 
3 . 1 - 8.2 
3 . 0 - 6.6 
2 .7 - 4 .4 
56.6-64.8 
55.1-62.1 
8 .3-11.5 
21.4-34.4 
10.6-14.9 
9 .4-13.2 
5 . 5 - 7.1 
4 . 6 - 6.6 
92.0-114.0 
79.8-100.8 
22 .9 - 31.0 
2 5 . 8 - 37.7 
20 .2 - 28.0 
28 .0- 41.4 
12 .8 - 18.3 
9 . 8 - 13.3 
1593.0-1633.0 
1813.0-1853.0 
673.0- 694.0 
623.0- 649.0 
723 .0- 754.0 
981.0-1118.0 
321 .0- 380.0 
193.0- 211.0 
continued ... 
TABLE 4 .4 : continued . . . 
Parameters 
Sampling S t a t i on Manganese Nickel Lead Zinc 
Delhi (Rajghat) 
Delhi (Okhla Head) 
Mathura (upstream) 
Mathura (downstream) 
Agra (upstream) 
Agra (downstream) 
Etawah 
Allahabad 
1200.0-1443.0 
1090.0-1290.0 
390.0- 440.0 
910.0-1008.0 
670.0- 720.0 
728.0- 794.3 
418.0- 436.0 
380.0- 428.0 
71.0-83.0 
56.0-68.0 
7 .0 - 9.8 
21.2-29.4 
6 . 1 - 9.0 
8.9-11.1 
6 .8 - 9.0 
4 . 4 - 6.8 
24.7-30.2 
21.3-26.0 
6.0-11.3 
11.4-15.0 
6 .5 - 9.1 
8.8-28.2 
5 .5 - 7.1 
4 . 8 - 6.3 
340.2-365.5 
307.5-329.8 
31 .7 - 54.7 
118.5-140.3 
120 .5 -U4 .5 
138.5-171.0 
68 .3 - 76.6 
2 2 . 1 - 31.4 
CO 
TABLE 4.5: CONCENTRATIONS OF HEAVY METALS 
RIVER (INDIA) (jagg"1) (1981). 
Sampling 
S t a t i o n Cadmium Cobal t 
D e l h i 0 . 0 2 0 - 0 . 0 5 0 8 . 2 - 1 3 - 7 
Mathura 0 . 1 0 0 - 0 . 2 7 0 1 .8 - 2 . 3 
Agra 0 . 2 0 0 - 0 . 4 0 0 2 . 7 - 3.1 
Etawah. ND 2 . 7 - 3 .0 
Al lahabad ND 3 . 0 - 4 . 3 
FISH ( H e t e r o p n u e s t e s f o s s i l i s ) OF YAMUNA 
P a r a m e t e r s 
Chromium Copper I r o n 
19.1-26.9 45.0-58.1 740 .0 -771 .0 
20.0-22.5 8.8-10.3 594.0- 618.8 
14.3-18.6 27.2-38.8 1050.0-1108.0 
2 .9- 3.7 8.7-10.0 252.0- 278.3 
4 . 7 - 6.8 6 .6 - 8.3 984.0-1014.0 
con t inued . . „ 
TABLE 4 . 5 : con t inued . . . 
P a r a m e t e r s 
Sampling 
Station Manganese Nickel Lead Zinc 
Delhi 112.2-121.5 27.5-32.7 9.6-11.3 352.0-364.8 
Mathura 205.6-213.8 20.0-24.1 5.0- 5-9 276.5-286.6 
Agra 203.0-208.3 10.2-13.0 9.3-12.8 227.3-233.7 
Etawah 70.5-81.3 1.9- 2.8 0.9- 1.4 94.9-101.8 
Allahabad 164.3-174.6 6.1- 8.7 7.7- 8.7 239.1-254.2 
CD 
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CHAPTER 5 
POLLUTION OF THE UPPER GANGA CANAL BY THE EFFLUENTS 
ARISING FROM THE COAL FIRED POWER PLANT AND THEIR 
EFFECTS ON SOIL AND CROP PLANTS 
5.1 Introduction 
The wastewaters discharged by a coal fired power 
plant may be categorized as normal and unusual wastes 
(Heimbigner, 1982). The normal wastes include the cooling 
tower blowdown, fly ash effluents, bottom ash effluents, 
boiler blowdown, regenerant wastes, floor and yard drains, 
coal pile runoff and sanitary wastes. The unusual flows 
include spent chemical cleaning solvents, air heater wash-
ings and boiler washings etc. (Fig. 5.1). 
The cooling tower discharge is the largest source of 
wastewater from the thermal power plants. The other major 
water consumers and wastewater producers in the coal fired 
power stations are the ash handling units. The bottom ash 
is removed from the boiler by periodic washings of the 
boiler and subsequent sluicing of the ash to a pond for 
disposal. The water is recycled for additional sluicing 
after solids settling. Alternatives involve sluicing to a 
dewatering bin or a mechanical settler before the dewatered 
ash is hauled off and the water is recycled for further 
sluicing. 
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The mixed-bed demineralizers are used in most of 
the coal fired power plants to provide high quality make 
up water for the boiler. Primary chemical constituents 
in wastewater from the demineralizers are salts removed 
from the influent in the demineralization process and 
spent solutions from the regenerating anion and cation 
resins. Some suspended solids may also be present. 
The water used for equipment cleaning, bearing cool-
ing water, floor washings etc. are also removed from the 
power plant building. These waters may also contain oil 
and greases along with other substances. However, these 
wastewaters are relatively in smaller quantities. 
The coal pile runoff from the storage area may have 
deleterious effects on the aquatic environment of the 
receiving streams because of the materials leached from 
the coal. The runoff may have low pH values and contain 
harmful constituents like ferrous and ferric sulphate which 
may cause considerable damage to the aquatic life on reach-
ing the receiving streams. 
There are also some unusual wastewaters such as 
boiler washings, air heater washings, and spent chemical 
solvents and rinses. There are intermittent wastewaters 
that occur as often as once a month or as little as once 
every two years. 
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Cohen (1979) has compared the hazards of wastes from 
a 1000 MW nuclear power plant to those from a 1000 MV coal 
fired power plant. According to his findings the health 
hazards by the coal fired power plant are greater than 
those by the nuclear power plant due to the toxicity and 
carcinogenity of chemicals produced in coal burning. 
Dressen et al. (1977) have extracted trace elements 
from a coal fired power plant ash using HNO,, HC1, citric 
acid, redistilled water and ammonium hydroxide as extract-
ants. Effluent waters of this plant were sampled to assess 
the elevation of trace element concentrations as compared 
to the intake waters. 
Vangen and Williams (1978) have studied the elemental 
deposition downwind of a coal fired power plant in south-
western U.S. the soil samples collected downwind of this 
power plant were chemically analysed for selected trace 
elements, viz. As, B, F, Hg, Se, Sr, U and V. They also 
determined the concentrations vs. distance trends. They 
found very little increase of trace elemental concentrations 
in soils. However, these elements were found highly con-
centrated in flyash emissions as compared to the soils. 
Behaviour of heavy metals in wastewaters from coal-
ash disposal sites was discussed by Chu et al. (1979). They 
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characterized the concentrations of heavy metals in ashpond 
effluents and leachates from coal fired plants. 
Surface water discharges and ground water leachates 
from power plant ash disposal areas may contain significant 
levels of heavy metals. Smith et al. (1979) have showed 
that the concentrations of volatile heavy metals in ash 
increased as particle size decreased from 1o to 1 jam. 
Viersma and Crockett (1979) have studied the trace 
elements in soils around the four corners of a power plant. 
Ninety six soil samples were collected on a radical grid 
employing 16 evenly spaces radii and 5 logarithmically 
spaced circles around the four corners of the power plant. 
The soil samples were analysed for Zn, Pb, Cu and Cd "by 
atomic absorption spectrophotometry. An analysis of variance 
indicated no significant difference among circles but there 
was a significant difference among radii for Zn, Pb with 
higher residues of these elements consistently indicated 
to the west of the power plant. Elevated levels of Zn, Pb 
and Cu to the west of the power plant were partially 
explained by wind patterns and the locations of the flyash 
settling ponds. Average residues levels for Zn, Pb and Cu 
were found below average residue levels with respect to 
those reported for other power plants. Average Cd levels 
were found slightly higher than Cd levels as reported for 
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ammonia was oxidised to nitrate, methane and hydrogen sul-
fide were formed in bottom mud layers. Production of 
bacteria and fungi was accelerated and the vital functions 
of the organisms were intensified. 
The density of Copepod nauplii and bivalve larvae 
was determined by Simpson (1981) at the inlet and outlet 
of the cooling system of a large power plant, which was 
located on a lake system. The variability in plankton 
abundance in the cooling water was examined. There was no 
significant change in the number of Copepods after passage 
through the cooling system. 
Scanlon and Duggan (1979) evaluated the growth and 
element uptake of woody plants on flyash. Mean survival of 
plants on flyash was 54.0$, ranging from 12 to 84$ depend-
ing on species. 
The literature survey shows that little has been 
done to characterize the impacts of coal fired thermal 
power plant effluents directly on soil properties and crop 
plants. The use of land for the disposal of various liquid 
wastes has been increasing in recent years because of its 
inherent simplicity and low cost. The present chapter deals 
with the physico-chemical properties of effluents from the 
530 MV Kasimpur Coal Fired Thermal Power Plant; heavy metal 
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pollution of water, sediments, submerged plants, and fish 
of the receiving upper Ganga canal by the power plant eff-
luents and their effects on agricultural soil, seed germi-
nation pattern and the growth of two common crop plants 
(pea and wheat). 
5.2 Description of the Power Plant 
The 530 MW Kasimpur Coal Fired Power Plant is situ-
ated in Aligarh district in Uttar Pradesh (India), about 
14 km away from the Aligarh city. It is situated on the 
banks of the upper Ganga canal. The upper Ganga canal 
emerges from the Ganga River at Hardwar and again merges 
into it at Kanpur. The power plant draws about 1565 x 6 
lps water from the canal for cooling purposes which is 
roughly 10$ of the total flow of the canal waters (85,000 
lps) . 
5.3 Experimental 
5.3.1 Study area: 
Two sampling stations, one, 600 m upstream and the 
other 600 m downstream, were set up for the monitoring of 
the upper Ganga canal. Five samples each of water, sedi-
ments and plants were collected from the two sampling 
points. Fish were captured by the net and five fish samples 
were selected. 
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5.3.2 Collection and analyses of effluents 
and canal waters; 
The cooling tower effluent, machine washings and 
scrubber and bottom ash effluents were collected at their 
exit points from the power plant using plastic containers. 
The effluents were collected in sufficient quantities and 
stored in the laboratory. The upstream and downstream 
canal waters were also collected. All the effluents and 
the canal waters were analysed for temperature, colour, 
turbidity, pH, total alkalinity, total solids, chlorides, 
sulphates, total phosphorus, ammonia-nitrogen, dissolved 
oxygen, bio-chemical oxygen demand (BOD) and chemical 
oxygen demand (COD) using Standard Methods (1975). 
5.3.3 Analyses of water, sediments, plant and fish 
samples for heavy metal determination: 
The water, sediments, plants and fish samples, 
collected at the upstream and downstream of the upper 
Ganga canal were analysed for heavy metals (Cd, Co, Cr, 
Cu, Fe, Mn, Ni, Pb and Zn) using Perkin Elmer model 372 
Atomic Absorption Spectrophotometer (Chapter 2). 
5.3.4 Collection and analyses of soil samples; 
The soil samples were collected from the fields 
around the Aligarh Muslim University. These were powdered, 
passed through an 80 mesh sieve and analysed for pH, elec-
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trical conductivity, water-soluble salts, cation exchange 
capacity, organic matter, calcium carbonate, nitrogen, 
phosphorus, and potassium contents using Standard Methods 
as described earlier (Chapter 2). 
One kg of ground soil was placed in each of t he 
earthenware pots having a diameter of about 15 cm. Pea 
(Pisum sativunp and wheat (Triticum aestivum) seeds were 
sown in each pot after surface sterilization. These pots 
were irrigated daily for six weeks with 150 ml of 100$, 
50$ and Ofo (control) concentrations of the various effluents 
and canal waters separately. One set of the earthenware 
pots was kept without seeds for each concentration of all 
the effluents and the canal waters to monitor their effects 
on the soil only. Each treatment was replicated four times. 
5.4 Results and Discussion 
5.4.1 Physico-chemical characteristics of the cooling 
tower, machine washing and scrubber & bottom ash 
effluents discharged from the Kasimpur Power 
Plant and their effects on the quality of receiv-
ing upper Ganga canal water: 
The physico-chemical characteristics of the various 
effluents of the power plant and of upstream and downstream 
canal water have been presented in Table 5.1. The analysis 
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of the water discharged from the cooling tower indicated 
an average rise of 6-8°C in water temperature after passing 
through the condensers. The cooling discharge was found 
responsible for increasing the canal water temperature. 
The temperature of the canal water was reported to be 
highest during the period when the canal is closed for 
cleaning purpose. During this period the temperature rose 
upto 44°C and due to this effect, dead fish of various sizes 
and species were seen floating on the water surface. 
The temperature rise also affected the dissolved 
oxygen content of the canal water. The solubility of oxygen 
decreased from 9.2 + 0.51 mg l"~ (upstream) to 7.9 + 0.41 
mg 1"" (downstream). Dissolved oxygen in water is necessary 
to sustain many forms of aquatic life. The low solubility 
of oxygen induced by temperature, total solids and organic 
matter could lead to such low dissolved oxygen levels that 
the aquatic organisms could not survive. 
The maximum turbidity (25.0 + 8.8 FTU) was found in 
the scrubber and bottom ash effluents which also affected 
the turbidity of the downstream canal water. The turbidity 
is an aesthetic problem for domestic waters but it can also 
be significant for irrigation because solid particles can 
settle down and clog water conveyances and distribution 
systems (Mutlak et al., 1980). 
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The pH of all the effluents from the power plant 
was found to be alkaline. In general, the pH ranged from 
8.7 + 0.07 to 8.9 + 0.04 in the three different effluents, 
the highest being in the machine washing effluent and the 
lowest in the scrubber and bottom ash effluent. These 
effluents were also found responsible for raising the pH 
of the canal water from 8.5 + 0.14 to 8.6 + 0.50. Since 
most of the crops can tolerate a pH range of 4.5 to 9.0 
(McKee and Wolf, 1971), it is obvious from these results 
that pH values were within safe limits as far as the use 
of canal water for irrigation purposes is concerned. 
Appreciable quantities of chloride and sulphate con-
tents were found to be present in all the three effluents. 
Maximum values of chloride and sulphate contents were ob-
served in the scrubber and bottom ash effluents. 
The concentration of total dissolved solids in the 
three effluents varied from 121.0 + 9.8 to 1720.0 + 89.5 
mg 1~ , the maximum concentration being observed in the 
scrubber and bottom ash effluent. The results showed that 
the power plant was responsible for an increase in the 
concentration of the total dissolved solids of the canal 
water from 138.0 + 10.2 mg 1~ at upstream to 180.0 + 12.1 
mg l"~ at the downstream. Phosphorus, nitrate and ammonia-
nitrogen were also determined in the three effluents which 
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were found in small quantities. These parameters were also 
found to increase in the downstream waters (Table 5.1) but 
the increase was not appreciable. 
5.4.2 Heavy metal pollution of the upper Ganga Canal 
by the cooling tower, machine washing and 
scrubber and bottom ash effluents of the 
Kasimpur Power Plant; 
The cooling tower discharge, machine washings, 
scrubber and bottom ash effluents, sediments, submerged 
plants and fish samples from the upper Ganga canal were 
analysed for heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb 
and Zn) by atomic absorption spectrophotometer. The maxi-
mum concentrations of these heavy metals were found to be 
present in the scrubber and bottom ash effluent (Table 5.2). 
All of these effluents were found to add a large amount of 
heavy metals into the canal which was evident from the 
analysis of the canal water at the spstream and the down-
stream of the power plant. The downstream canal water was 
found to contain increased concentrations of the heavy 
metals as compared to the concentrations of the heavy 
metals in the upstream canal water. 
The availability of the heavy metals in the aqueous 
phase usually depends upon the hydrogen ion concentrations 
(pH). The pH of the upper Ganga canal monitored at the two 
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sampling stations varied from 8.5 + 0.14 to 8.6 + 0.50. 
The effect of pH changes on the speciation of cadmium, 
copper, lead and zinc was computed by Zirino and Yamamoto 
(1972). The free ions are found mainly at low pH and it 
is an important factor for the availability of the trace 
metals in the water and sediments. Metzner (1977) has 
studied the fate of Cu, Pb and Zn at different pH values 
in waste waters and found that the solubility of the metals 
were optimum at pH 7 and decreases with increase in pH upto 
certain level. The pH of the canal water was found higher 
than 7, therefore it was expected that metals being poured 
from the power plant into the canal might have got preci-
pitated and settled onto the sediments. Thus the low levels 
of trace metals in the canal water as compared to the sedi-
ments were in accordance to our expectations as the pH 
value of the canal water was found above 8.0. The concen-
trations of heavy metals in the sediments collected from 
upstream and downstream canal have been presented in Table 
5.3. 
The determination of heavy metal concentrations in 
surface water samples collected from rivers and canals at 
intervals exhibits noticeable fluctuations because of the 
entering of the diverse non-point pollution. The deter-
mination of metal concentrations in sediments may, there-
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fore, play an important role in establishing the extent of 
metal pollution at a particular sampling station. The 
chemical characteristics of the sediments of the upper 
Ganga canal collected from the sampling stations established 
at upstream and downstream of the canal have been presented 
in Table 5.4. The sediments of the upper Ganga canal were 
found to contain 4.6-6.1^ calcium carbonate, presumably a 
high quantity. The high concentration of the nine heavy 
metals in the sediments as compared to the canal water 
reported in the present studies may also be due to the pre-
cipitation of these metals with carbonates. Popova (1961) 
has demonstrated that heavy metal carbonates of low solu-
bility such as CoCCU, PbCO, are completely eliminated from 
the solution as a result of CaCO-* precipitation. Patchi-
neelam (1975) has also reported precipitation of cadmium, 
copper and zinc alongwith CaCO, in the Elbe River estuary 
as a result of the mixing of normal river water with alka-
line effluent from an industrial plant. In the present 
case also the Kasimpur thermal power plant is discharging 
alkaline effluents into the canal where the alkaline water 
of the canal itself might have played an important role in 
precipitating the metals into the form of carbonates. 
The upper Ganga canal sediments were also found rich 
in organic matter content (0.594-0.692$£). Curtis (1966) 
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has explained that metals like Cr, Cu, Mn, Mo, Ni, U and V 
may show a positive association with the organic carbon in 
a sediment. According to him, the positive correlation 
occurs when the metal ion interact in solution with dissol-
ved organic matter that are in turn concentrated by adsorp-
tion. Krauskopf (1955) and Rashid (1974) have shown 
adsorption of the metallic contents on the organic matter 
and their settling on the river sediments. In the case of 
upper Ganga canal it seems quite possible that the metals 
discharged with the various effluents into the canal might 
have interacted with the organic matter in the aqueous 
phase and then settled down resulting in the high concen-
trations of the metals in the sediments. For obvious 
reasons the sediments collected from the canal downstream 
were found to contain higher metal levels than the sedi-
ments collected from the canal upstream. 
The concentrations of the heavy metals in the sub-
merged plants (Eicchornia crassipes) and fish (Heterop-
nuestes fossilis) have been given in Table 5.5. The plants 
are known to accumulate metals (Burton and Peterson, 1979; 
Say et al., 1981). Leland and McNurney (1974) have found 
high lead concentrations in the periphyton of the Vermillion 
River, a water body heavily polluted by urban wastewater. 
Obviously the levels of heavy metals in the submerged plants 
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collected from the downstream canal water were higher as 
compared to the heavy metal concentrations in the plants 
collected from the upstream canal water. Keeney et al. 
(1976) have established that the metal contamination in 
Cladophora glomerata algae was dependent on the heavy metal 
concentrations in their environment because the Cladophora 
populations extracted from the heavily polluted Deadman's 
Bay on lake Ontario had much higher zinc and cadmium con-
centrations than those on a remote island of the lake. 
High levels of iron, manganese and zinc, moderate copper, 
chromium, cobalt and nickel and low concentrations of cad-
mium and lead were found accumulated in the plants collected 
from the downstream canal. 
Atchison et al. (1977) found the fish of the Pales-
tine lake were polluted by cadmium and zinc due to the 
industrial wastes being poured into the lake. In the pre-
sent studies the fish samples were found to be contaminated 
by all the metals they were analysed for, except cadmium 
which was found undetectable (Table 5.5). Considerable 
concentrations of iron, manganese and zinc were detected in 
the fish samples collected from the canal. Chromium, 
copper, cobalt and lead metals were also found in all the 
fish samples. The fish of the canal is used as food 
material by the inhabitants of that locality. The heavy 
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metals when discharged in to the water course can enter the 
food chain, be bio-accumulated by the f i sh and hence may 
become a t h r ea t to human hea l t h . 
5 .4.3 Effec ts of cooling tower, machine washing and 
scrubber and bottom ash e f f luen t s on the 
chemical composition of s o i l and crop p l a n t s : 
The s o i l used for the s tud ies was found to have pH 
8.80, cat ion exchange capacity 80.0 meq kg s o i l , e l e c t r i -
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cal conduct iv i ty 980.0 micromhos cm , water soluble s a l t s 
82.4 meq kg"* s o i l , calcium carbonate 2.3$, organic matter 
0.260$, ava i lab le potassium 150 mg kg s o i l , ava i lab le 
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phosphorus 530.0 mg kg s o i l and ava i l ab le ni t rogen 0.022$ 
(Table 5 .6 ) . 
The effects of undiluted and diluted cooling tower, 
machine washing with unburnt oil and scrubber and bottom 
ash effluents on the soil without and with crops have been 
shown in Tables 5.6 and 5.7, 
When the soils were irrigated by tap water (control), 
slight upward change was noted in the electrical conducti-
vity, cation exchange capacity, calcium carbonate, ammonia-
nitrogen, phosphorus and organic matter while pH and pota-
ssium showed a downward trend. Obviously, greater pur-
turbance in the soil composition was observed after irri-
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gat ion with undi luted and d i lu ted e f f l uen t s . Manifest ly, 
a l l the parameters except potassium showed an increase 
(Table 5 .6) . The minera l iza t ion of the organic matter as 
well as the n u t r i e n t s ava i lab le in the e f f luen t s might be 
responsible for these observat ions . The ava i lab le pota-
ssium went down considerably which may be due to i t s leach-
ing down to the lower l aye r s (Watson et a l . , 1977). 
After i r r i g a t i o n for six weeks the pH of t h e water 
i r r i g a t e d (control ) pot s o i l s was 8.60 + 0.060 while the 
pH of the pot s o i l s i r r i g a t e d with the 100$ cooling tower, 
machine washing and scrubber and bottom ash e f f luen ts was 
recorded as 8.90 + 0.068, 8.95 + 0.070 and 8.90 + 0.071, 
respec t ive ly for these e f f l uen t s . Similar ly the e l e c t r i c a l 
conduct ivi ty was found to increase from 1090.0 + 1 . 1 6 micro-
mhos cm""1 (water control) to 1193.0 + 1.71, 1223.0 + 1.21 
and 1410.0 + 1.18 micromhos cm" for cooling tower, machine 
washing and scrubber and bottom ash e f f l uen t s , respec t ive ly 
a f t e r i r r i g a t i o n with the 100$ e f f l u e n t s . 
The organic matter of the s o i l s i r r i g a t e d with a l l 
the three e f f luen ts exhibi ted an appreciable increase which 
was 0.351 + 0.0037, 0.382 + 0.0036 and 0.400 + 0.0026 for 
cooling tower, machine washing and scrubber and bottom ash 
e f f luen t s as compared to the water i r r i g a t e d (control) 
(0.310 + 0.0024). The scrubber and bottom ash ef f luents 
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affected tetter increase in the organic matter. 
A considerable increase in nitrogen and phosphorus 
contents in all the three cases was observed as did the 
calcium carbonate, water-soluble salts, and the cation 
exchange capacity parameters, after irrigation of the pot 
soils with the 100$ effluents. 
Interesting data were obtained when the soils with 
crop plants were analysed (Table 5.7). The soils of the 
pots without plants but irrigated with the three effluents 
(diluted and undiluted) were found to contain larger amounts 
of water-soluble salts, phosphorus, potassium and nitrogen 
than the soils of the pots with plants.showing thereby the 
uptake of these nutrients by the crop plants from the soil. 
The upstream and downstream canal water were also 
used for irrigating soils without and with crop plants in 
order to ascertain the impact of the effluents on the canal 
water and its subsequent effect on crop irriation. The 
results have been presented in Tables 5.8 and 5.9. The 
soils irrigated with the downstream canal water were found 
to contain slightly raised concentrations of calcium car-
bonate, phosphorus, ammonia, and organic matter than the 
upstream canal water irrigated soils. 
The effects of the three effluents on the germination 
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and growth of the two crop plants - pea (Pisum sativum) 
and wheat (Triticum aestivum)have been illustrated in 
Table 5.10. The germination in the water irrigated 
(control) pots was 100% (all the seeds got germinated) 
for both the crops. For undiluted cooling tower and machine 
washing effluents it was 100% and 90%, respectively for 
both the crops. The germination was 80% and 70% for pea 
and wheat seeds, respectively when undiluted scrubber and 
bottom ash effluent was used for irrigation. The plants 
during germination are more susceptible to the soil-water 
relationship while in later stages they may cope up with 
adverse conditions. The germination with the scrubber and 
bottom ash effluents was also a little slow. The delay in 
the germination of seeds may be attributed to the consider-
able effluent salinity (Thakre et al., 1982). During ger-
mination plants take up water to hydrolyse the stored food 
material and activate the enzymatic action. As water 
absorption takes place by osmosis, the salt content outside 
the seeds may act as a limiting factor which may be a pro-
bable reason for the germination delay (Truog, 1951). 
The germination of pea seeds with diluted cooling 
tower, machine washing and scrubber and bottom ash effluents 
was 100%, 100% and 90%, respectively whereas for wheat seeds 
it was 100%, 100% and 80%, respectively. 
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Considering the data obtained for plant growth 
(Table 5.10), all the effluents reduced the shoot lengths 
of both the crop plants as compared to the control. 
Obviously the inhibition of the shoot lengths was greater 
in undiluted effluents than the diluted ones. The highest 
reduction in the shoot length was observed in the plants 
irrigated with the scrubber and bottom ash effluent. Berns-
tein and Hayward (1958) have pointed out that increased 
accumulation of soluble salts and hence increased osmotic 
pressure is related to the degree of growth inhibition. 
Eaton (1942) and Hayward and Wadleigh (1949) have also 
supported the view that reduced water availability induced 
by high osmotic pressure of the root medium was the factor 
restricting the growth. The presence of considerable 
amounts of heavy metals in the three effluents may be other 
reasons for the growth inhibition of the plants. 
The effects of the upstream and downstream canal 
water on germination and growth of the two crop plants have 
been presented in Table 5.11. Though 100$ germination was 
obtained in both the cases, the growth of the plants irri-
gated by downstream canal water was found to be slightly 
reduced. 
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Fig. 5.1 Major sources of wastewaters in the Coal Fired Thermal Power 
Plants. 
TABLE 5.1: PHYSICO-CHEMICAL CHARACTERISTICS OF COOLING TOVER (CTE) , MACHINE WASHING 
(MWE) AND SCRUBBER & BOTTOM ASH (SBAE) EFFLUENTS AND UPSTREAM (UCW) AND 
DOWNSTREAM (DCW) WATERS OF THE UPPER GANGA CANAL. 
Parameters CTE MWE SBAE UCW DCW 
Temperature (°C) 
Colour 
T u r b i d i t y (FTU) 
PH 
T o t a l A l k a l i n i t y 
T o t a l s o l i d s 
C h l o r i d e s 
S u l p h a t e s 
P h o s p h a t e s 
D i s s o l v e d oxygen 
Biochemica l oxygen 
(5 days) 
demand 
Chemical oxygen demand 
22 .0+2 .0 
C o l o u r l e s s 
13.0+4.1 
8 .7+0 .07 
88 .0+9 .0 
121.0+9.8 
27 .0+7 .2 
14 .5+1 .3 
0 .28+0.03 
8 .5+0 .53 
2 .2+1.22 
4 .8+1 .32 
22.0+2.1 
C o l o u r l e s s 
w i th t r a c e s 
of o i l 
18 .0+6 .6 
8 .9+0.04 
186.0+15.0 
158.0+11.3 
21 .0+7.1 
26 .0+1 .3 
0 .36+0.04 
7 .6+0 .53 
2 .1+1 .30 
5 .5+1 .7 
17 .0+3 .2 
B l a c k i s h 
25 .0+8 .8 
8 .8+1 .2 
172.0+13.0 
1720.0+89.5 
64 .0+8 .3 
140.0+13.8 
0 .45+0.038 
4 .2+0 .50 
30.5+1.61 
47 .4+4 .42 
16 .0+1 .0 
C o l o u r l e s s 
12 .0+3 .3 
8 .5+0.14 
135.0+11.0 
138.0+10.2 
21 .0+6 .7 
13.1+1.1 
0 .28+0.03 
9.2+0.51 
4 .5+1.31 
6.2+1 .8 
19 .0+2.9 
Grey ish 
20 .0+4.9 
8 .6+0 .5 
139.0+12.0 
180.0+12.1 
24 .0+4.9 
20.1+1 .8 
0 .65+0.04 
7.9+0.41 
2 .2+1 .43 
5.02+1 .61 
oo 
All va lues except tempera ture , colour, t u r b i d i t y and pH have been expressed in mg 1 
TABLE 5.2: CONCENTRATIONS OF HEAVY METALS IN THE COOLING TOWER, MACHINE WASHING, 
SCRUBBER AND BOTTOM ASH EFFLUENTS OF THE KASIMPUR POWER PLANT AND IN 
UPSTREAM AND DOWNSTREAM WATERS OF THE UPPER GANGA CANAL (/igl-1). 
Parame te r s 
Cadmium 
Cobal t 
Chromium 
Copper 
I r o n 
Manganese 
N i c k e l 
Lead 
Zinc 
Cool ing tower 
E f f l u e n t 
1 .40- 1.70 
4 . 0 0 - 6.60 
1 7 . 1 0 - 17 .60 
1 7 . 0 0 - 32 .00 
95 .00 -115 .00 
4 2 . 0 0 - 46 .00 
5 . 0 0 - 6.80 
1 7 . 0 0 - 22.00 
7 6 . 0 0 - 8 9 . 0 0 
Machine washing 
E f f l u e n t 
0 . 5 0 - 1.00 
1 0 . 6 0 - 13.00 
2 3 . 5 0 - 3 1 . 8 0 
1 9 . 0 0 - 28.70 
108 .00-127 .00 
3 7 . 1 0 - 50 .00 
5 . 3 0 - 7 .60 
2 1 . 0 0 - 23 .00 
8 7 . 0 0 - 1 0 1 . 0 0 
Scrubber & bot tom 
ash e f f l u e n t 
1 .00- 1.05 
1 8 . 0 0 - 21 .00 
165 .00-169 .00 
4 6 . 0 0 - 79 .00 
90 .00 -208 .00 
5 6 . 0 0 - 64.00 
6 . 0 0 - 9 .00 
2 4 . 0 0 - 26 .00 
191 .00-204 .00 
Upstream 
c a n a l w a t e r 
0 . 2 7 - 0.51 
6 . 6 0 - 7 .20 
13 .52 -14 .10 
1 1 . 5 0 - 1 3 . 2 0 
4 9 . 0 0 - 7 9 . 0 0 
4 4 . 5 0 - 5 2 . 3 0 
4 . 1 0 - 6.00 
1 .27- 1.40 
4 4 . 0 0 - 4 7 . 0 0 
Downstream 
c a n a l w a t e r 
0 . 3 2 - 0 .80 
7 . 4 0 - 8 .10 
2 2 . 3 0 - 25 .90 
1 4 . 0 2 - 16 .10 
95 .00 -142 .00 
5 7 . 0 0 - 68 .00 
6 . 6 0 - 8 .00 
1 .33 - 2 .00 
6 2 . 6 5 - 71 .00 
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TABLE 5 . 3 : 
P a r a m e t e r s 
CONCENTRATIONS OF HEAVY METALS IN THE SEDIMENTS 
COLLECTED FROM THE UPPER GANGA CANAL IN THE 
VICINITY OF THE KASIMPUR THERMAL POWER PLANT 
(fxgg~ ) . 
Sampling s i t e 
Upstream Downstream 
Cadmium 
Cobalt 
Chromium 
Copper 
I r o n 
Mangane se 
N icke l 
Lead 
Zinc 
0.8- 1.1 
11.0- 13.1 
50.0- 52.0 
38 .0- 40.0 
9438.0-9501.0 
3 5 8 . 0 - 361.2 
18.4- 21.0 
8 .0 - 15.0 
99.0- 121.0 
1 . 1 - 1.6 
14.2- 16.0 
123.0- 128.0 
4 6 . 0 - 53.0 
10558.0-10595.0 
3 7 5 . 5 - 392.2 
2 2 . 1 - 24.3 
24.0- 28.0 
1 0 3 . 0 - 133.0 
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TABLE 5 . 4 : PHYSICO-CHEMICAL CHARACTERISTICS OF THE 
SEDIMENTS COLLECTED FROM THE UPPER GANGA 
CANAL IN THE VICINITY OF THE KASIMPUR 
THERMAL POWER PLANT. 
P a r a m e t e r s Sampling s i t e 
Upstream Downstream 
pH 7.35 8.35 
Calcium carbonate{%) 4.10 - 5.30 4.60 - 6.10 
ATailahle n u t r i e n t s ; 
Potassium 
(mg kg sediment) 
48.00 - 52.00 168.000-172.000 
Phosphorus 
(mg kg"" sediment) 
192.000-208.000 702.000-719.000 
Organic matter (<$) 00.594- 00.633 00.611- 00.692 
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TABLE 5 . 5 : CONCENTRATIONS OF HEAVY METALS IN THE SUBMERGED 
PLANTS ( E i c c h o r n i a crassip_es) AND FISH 
( H e t e r o p n u e s t e s f o s s i l i s ) COLLECTED FROM THE 
UPPER GANGA CANAL IN THE VICINITY OF THE KASIM-
PUR THERMAL POWER PLANT ( fig g~1) . 
Submerged p l a n t s 
P a r a m e t e r s F i s h 
Upstream Downstream 
Sampling s t a t i o n Sampling s t a t i o n 
Cadmium ND 
Cobalt 5 . 1 - 6.8 
Chromium 3 . 5 - 7 .2 
Copper 6 . 7 - 9 .3 
I r o n 422 .0 -446 .0 
Manganese 8 1 . 0 - 97.1 
N icke l 3 . 3 - 4 . 0 
Lead 1 . 3 - 1.5 
Zinc 2 1 . 0 - 23 .5 
0 0 . 0 5 - 00 .08 ND 
8 .8 - 10 .7 2 . 6 - 3.0 
9.9 - 11.0 1.3- 2.0 
10.0 - 11.6 7 .8 - 11.3 
484.0 -504.0 234.0-242.1 
104.0 -119.0 108.0-114.6 
5.5 - 7 .9 2 . 2 - 2.9 
1.9 - 2 .3 2 . 1 - 3.82 
23.9 - 25.0 129.2-141.4 
TABLE 5.6: EFFECTS OF COOLING TOWER, MACHINE WASHING AND SCRUBBER AND BOTTOM ASH EFFLUENTS 
FROM THE KASIMPUR THERMAL POWER PLANT ON THE POT SOILS WITHOUT PLANTS. 
(Data represent the mean of four replications) 
P a r a m e t e r s 
pH 
C a t i o n exchange 
c a p a c i t y 
(meq kg s o i l ) 
E l e c t r i c a l 
c o n d u c t i v i t y 
I n i t i a l 
s o i l 
8 .80 
8 0 . 0 
980 .0 
C o n t r o l 
(wa te r ) 
8 .60 
(0 .060) 
8 9 . 0 
(0 .58 ) 
1090.0 
(1 .16 ) 
Treatment 
Cool ing tower 
e f f l u e n t 
50* 
8 .82 
(0 .070) 
104.0 
(0 .73 ) 
1110.0 
(1 .46 ) 
100$ 
8 .90 
(0 .068) 
139.0 
(0 .84 ) 
1193.0 
(1 .71 ) 
Machine washing 
e f f l u e n t 
50# 
8 .85 
(0 .073) 
138.0 
(0 .71) 
1142.0 
(1 .68) 
100$ 
8 .95 (0 .070) 
146 .0 
(0 .67 ) 
1223.0 
(1 .21 ) 
Scrubber & "bottom 
ash e f f l u e n t 
50# 
8 .85 
(0 .063) 
108.0 
(0 .87) 
1340.0 
(0 .98 ) 
100% 
8 .90 
(0 .071) 
143.0 
(0 .84 ) 
1410.0 
(1 .18) 
1 
(micromhos cm" ) 
Water-soluble 82.4 
s a l t s 
(meq kg s o i l ) 
Calcium 2.30 
carbonate 
( * ) 
84.3 94.8 10W2 92.3 108.2 99.6 128.2 
(0.034) (0.027) (0.042) (0.069) (0.051) (0.080) (0.070) 
2.60 2.70 2.90 
(0.063) (0.034) (0.051) 
2.70 2.90 
(0.029) (0.031) 
2.80 2.92 
(0.69) (0.70) 
continued . . . 
TABLE 5.6: continued . . . 
Parameters 
I n i t i a l 
s o i l 
Avai lable n u t r i e n t s : 
Potassium 
mg kg" s o i l 
Phosphorus 
mg kg" s o i l 
Ammonia-
n i t rogen 
150.0 
530.0 
0.022 
Control 
(water) 
129.0 
(0.45) 
548.0 
(0.89) 
0.025 
(0.001) 
Treatment 
Cooling tower Machine washing 
ef f luent ef f luent 
50# 100# 50# 100# 
138.0 146.0 147.0 118.0 
(0.54) (0.39) (0.59) (0.63) 
546.0 557.0 549.0 560.0 
(0.46) (0.59) (0.74) (0.79) 
0.027 0.029 0.036 0.040 
(0.001) (0.005) (0.003) (0.006) 
Scrubber & bottom 
ash eff luent 
50# 100# 
134.0 145.5 (0.66) (0.50) 
553.0 567.0 (1.10) (0.86) 
0.028 0.033 (0.002) (0.002) 
Organic mat ter 0.260 0.310 0.329 0.351 0.352 0.382 0.368 0.400 
$ (0.0024) (0.0031) (0.0037) (0.0023) (0.0036) (0.0038) (0.0026) 
NB. Standard Devia t ions are given in t he pa ren theses . 
TABLE 5.7: EFFECTS OF COOLING TOWER, MACHINE WASHING AND SCRUBBER AND BOTTOM ASH EFFLUENTS ON 
THE CHEMICAL CHARACTERISTICS OF THE POT SOILS WITH CROP PLANTS. 
(Data represent the mean of four replications) 
P a r a m e t e r s 
pH 
C a t i o n e x c h a n g e 
c a p a c i t y 
meq kg s o i l 
E l e c t r i c a l 
c o n d u c t i v i t y 
mic romhos cm" 
(PP 
( 
(HP 
( 
(PP 
I 
(VP 
( 
(PP 
( 
( 
(VP 
( 
I n i t i a l 
s o i l 
8 . 8 0 
8 . 8 0 
8 0 . 0 
8 0 . 0 
9 8 0 . 0 
9 8 0 . 0 
C o n t r o l 
( w a t e r ) 
8 . 7 0 
( 0 . 0 7 2 ) 
8 . 7 5 
( 0 . 0 6 8 ) 
8 9 . 0 
( 0 . 4 3 ) 
8 8 . 0 
( 0 . 9 6 ) 
1 0 9 0 . 0 
( 1 . 0 3 ) 
1 1 0 0 . 0 
( 1 . 1 3 ) 
T r e a t m e n t 
C o o l i n g t o w e r 
e f f l u e n t 
50% 
8 . 8 0 
( 0 . 0 6 3 ) 
8 . 7 5 
( ( 0 . 0 7 0 ) 
1 0 2 . 0 
( 0 . 9 6 ) 
1 0 4 . 0 
( 0 . 8 3 ) 
1 0 7 5 . 0 
( 1 . 1 0 ) 
1 0 8 5 . 0 
( 1 . 3 0 ) 
100% 
8 . 8 5 
( 0 . 0 7 4 ) 
8 . 8 0 
( 0 . 0 7 0 ) 
1 3 1 . 0 
( 0 . 7 2 ) 
1 3 4 . 6 
( 0 . 6 3 ) 
1 1 8 0 . 0 
( 0 . 9 6 ) 
1 1 8 5 . 0 
( 1 . 0 9 ) 
Mach ine w a s h i n g 
e f f l u e n t 
50% 
8 . 8 3 
( 0 . 0 6 7 ) 
8 . 8 5 
( 0 . 0 4 9 ) 
1 3 5 . 0 
( 0 . 4 0 ) 
1 3 1 . 0 
( 0 . 8 6 ) 
1 1 2 8 . 0 
( 1 . 2 1 ) 
1 1 3 3 . 0 
( 1 . 2 7 ) 
100% 
8 . 8 7 
( 0 . 0 6 0 ) 
8 . 9 0 
( 0 . 0 6 9 ) 
1 4 1 . 0 
( 0 . 5 7 ) 
1 4 3 . 0 
( 0 . 6 6 ) 
1 2 1 5 . 0 
(1 . 2 8 ) 
1 2 2 0 . 0 
( 0 . 8 9 ) 
S c r u b b e r & "bottom 
a s h e f f l u e n t 
50% 
8 . 8 9 
( 0 . 0 7 3 ) 
8 . 8 5 
( 0 . 0 6 7 ) 
1 0 8 . 0 
( 0 . 4 5 ) 
1 0 3 . 0 
( 0 . 7 0 ) 
1 3 3 0 . 0 
( 1 . 7 0 ) 
1 3 3 5 . 0 
( 1 . 4 3 ) 
100% 
8 . 9 0 
( 0 . 0 7 6 ) 
8 . 8 7 
( 0 . 0 7 1 ) 
1 4 0 . 0 
( 0 . 7 3 ) 
1 3 7 . 0 
( 0 . 6 7 ) 
1 4 0 0 . 0 
( 1 . 1 6 ) 
1 4 0 5 . 0 
( 1 . 1 0 ) 
continued ... 
TABLE 5 . 7 : cont inued . . . 
P a r a m e t e r s 
W a t e r - s o l u b l e 
s a l t s 
meq kg s o i l 
C a l c i u m 
c a r b o n a t e 
* 
(PP 
( 
( 
(WP 
( 
(PP 
( 
(WP 
( 
A v a i l a b l e n u t r i e n t s : 
P o t a s s i u m 
_ i 
mg kg s o i l 
(PP 
( 
( 
(VP 
( 
I n i t i a l 
s o i l 
8 2 . 4 
8 2 . 4 
2 . 3 0 
2 . 3 0 
1 5 0 . 0 
1 5 0 . 0 
C o n t r o l 
(wa t e r ) 
8 2 . 6 
( 0 . 0 3 9 ) 
8 2 . 9 
( 0 . 0 3 2 ) 
2 . 5 0 
( 0 . 0 5 3 ) 
2 . 5 3 
( 0 . 0 6 2 ) 
1 1 7 . 0 
( 0 . 4 7 ) 
1 2 0 . 0 
( 0 . 4 0 ) 
T r e a t m e n t 
C o o l i n g t o w e r 
e f f l u e n t 
50£ 
9 2 . 8 
( 0 . 0 4 1 ) 
9 3 . 1 
( 0 . 0 5 0 ) 
2 . 6 0 
( 0 . 0 6 7 ) 
2 . 6 0 
( 0 . 0 5 4 ) 
1 2 9 . 0 
( 0 . 4 2 ) 
1 3 1 . 0 
( 0 . 4 5 ) 
100# 
9 8 . 2 
( 0 . 0 3 4 ) 
9 8 . 9 
( 0 . 0 2 3 ) 
2 . 8 5 
( 0 . 0 9 1 ) 
2 . 8 0 
( 0 . 0 6 8 ) 
1 3 8 . 0 
( 0 . 5 6 ) 
141 . 0 
( 0 . 4 9 ) 
Mach ine w a s h i n g 
e f f l u e n t 
50-* 
9 0 . 0 
( 0 . 0 3 2 ) 
9 1 . 2 
( 0 . 0 3 9 ) 
2 . 7 0 
( 0 . 0 6 6 ) 
2 . 6 8 
( 0 . 1 0 ) 
1 4 1 . 0 
( 0 . 5 3 ) 
1 4 3 . 0 
( 0 . 4 6 ) 
100# 
1 0 2 . 6 
( 0 . 0 2 9 ) 
1 0 3 . 0 
( 0 . 0 4 3 ) 
2 . 8 0 
( 0 . 0 3 6 ) 
2 . 8 5 
( 0 . 0 4 1 ) 
1 1 0 . 0 
( 0 . 4 6 ) 
1 1 5 . 0 
( 0 . 4 1 ) 
S c r u b b e r & b o t t o m 
a s h e f f l u e n t 
50# 
9 7 . 8 
( 0 . 6 0 ) 
9 8 . 2 
( 0 . 0 7 2 ) 
2 . 7 5 (o!o60) 
2 . 7 5 
( 0 . 0 5 2 ) 
1 2 7 . 0 
( 0 . 6 3 ) 
1 2 9 . 0 
( 0 . 6 0 ) 
c o n t i n u e d 
100# 
1 2 3 . 1 
( 0 . 0 3 8 ) 
1 2 5 . 4 
( 0 . 0 2 9 ) 
2 . 8 5 
( 0 . 0 3 4 ) 
2 . 8 6 
( 0 . 0 2 3 ) 
1 4 0 . 0 
( 0 . 5 7 ) 
1 4 2 . 0 
( 0 . 6 3 ) 
• • • 
CO 
TABLE 5.7: continued ... 
Parameters 
Initial 
soil 
Control 
(wat er) 
Treatment 
Cooling tower 
effluent 
50# 100# 
Machine washing 
effluent 
5(# 100# 
Scrubber & bottom 
ash effluent 
5<# 100# 
Phosphorus 
mg kg" soil 
Ammonia 
nitrogen 
;pp 
(WP 
(pp 
WP 
Organic mat ter ( 
* ( 
530.0 
530.0 
0.022 
0.022 
(PP 0.260 
( 
VP 0.260 
538.0 (0.66) 
536.0 
(0.50) 
0.023 
(0.004) 
0.023 
(0.003) 
0.290 
(0.0031) 
0.270 (0.0028) 
540.0 (0.90) 
542.0 
(0.74) 
0.024 (0.006) 
0.025 (0.004) 
548.0 (0.60) 
552.0 (0.48) 
0.026 
(0.002) 
0.026 
(0.003) 
0.311 0.342 
(0.0035) (0.0036) 
0.318 0.346 
(0.0030) (0.0032) 
540.0 
(0.55) 
543.0 
(0.53) 
0.030 (0.002) 
0.032 
(0.005) 
551.0 (0.64) 
554.0 (0.48) 
0.034 
(0.001) 
0.036 
(0.003) 
0.346 0.375 
(0.0027) (0.0031) 
0.348 0.380 
(0.0029) (0.0035) 
544.0 (0.70) 
549.0 
(0.79) 
0.024 
(0.005) 
0.025 
(0.007) 
558.0 (0.94) 
563.0 
(0.67) 
0.029 
(0.007) 
0.030 
(0.003) 
0.360 0.380 
(0.0039) (0.0081) 
0.362 0.380 
(0.0025) (0.0064) 
NB. Standard dev i a t i ons are given in paren theses . 
PP = Soi l with pea p lan t 
WP = So i l with wheat p l a n t . 
CO 
CO 
TABLE 5.8: EFFECTS OF UPSTREAM AND DOWNSTREAM CANAL WATERS ON THE CHEMICAL 
CHARACTERISTICS OF THE POT SOILS WITHOUT PLANTS. 
(Data represent the mean of four replications) 
Parameters 
Initial 
soil 
Treatment 
Control 
(wat er) 
Upstream canal 
water 
Downstream canal 
water 
50$ 100$ 50* 100* 
pH 8.80 8.60 8.80 8.85 8.80 8.85 
(0.060) (0.050) (0.029) (0.066) (0.043) 
Cation exchange capaci ty 80.0 
meq kg s o i l 
E l e c t r i c a l conduct iv i ty 980.0 
mieromhos cm" 
Water-soluble s a l t s 82.4 
1 meq kg soil 
89.0 (0.58) 
1090.0 (1.16) 
84.3 
(0.034) 
93.8 
(0.67) 
1118.0 
(1.15) 
89.9 (0.021) 
127.0 
(0.71) 
1132.0 
(1.33) 
99.3 
(0.033) 
94.7 
(0.49) 
1110.0 
(1.41) 
91.6 
(0.050) 
130.0 
(0.70) 
1138.0 (1.08) 
98.2 
(0.043) 
Calcium carbonate * 2.30 2.60 2.70 2.78 
(0.063) (0.29) (0.70) 
2.75 2.89 
(0.44) (0.39) 
continued . . . 
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TABLE 5.8: continued . . . 
Parameters 
I n i t i a l 
s o i l 
Treatment 
Control 
(water) 
Upstream canal 
water 
50* 100# 
Downstream canal 
water 
50$ 100# 
Available nutrients: 
Potassium 
mg kg" soil 
Phosphorus 
_1 
mg kg soil 
Ammonia n i t rogen % 
150.0 
530.0 
0.022 
129.0 
(0.45) 
540.0 
(0.89) 
0.025 
0.001) 
121.8 
(0.52) 
546.0 (0.78) 
0.027 (0.002) 
139.8 
(0.30) 
549.3 (0.61) 
0.028 (0.002) 
138.3 (0.38) 
547.0 
(0.54) 
0.029 
(0.003) 
146.0 
(0.41) 
552.0 
(0.59) 
0.032 
(0.001) 
Organic mat ter # 0.260 0.310 0.332 0.355 0.329 0.357 
(0.0024) (0.0034) (0.0029) (0.047) (0.0039) 
NB. Standard deviations are given in parentheses. 
TABLE 5.9: EFFECTS OF UPSTREAM AND DOWNSTREAM CANAL WATERS ON THE CHEMICAL CHARACTERISTICS 
OF POT SOILS WITH CROP PLANTS. 
(Data represent the mean of four replications) 
Parameters 
Initial 
soil 
Treatment 
C o n t r o l 
(wat e r ) 
Upstream c a n a l 
wa te r 
50# 100# 
Downstream c a n a l 
wa te r 
5<# 100# 
pH 
(PP 
(WP 
8.80 
8.80 
8.70 (0.072) 
8 .75 (0 .068) 
8 .75 
(0 .063) 
8.77 (0.050) 
8.80 (0.072) 
8.82 
(0 .067) 
8.78 
(0.035) 
8.75 (0.050) 
8 .79 (0 .072) 
8.83 (0.048) 
Cation exchange capacity ( 
m©q kg. s o i l 
(PP 
(WP 
80.0 
80.0 
8 9 . 0 
(0 .43 ) 
8 8 . 0 
( 0 . 9 6 ) 
91 .4 
(0 .63 ) 
92 .0 
(0 .51) 
121.3 
(0.79) 
124.2 
(0.83) 
92.5 
(1.05) 
92.1 
(0 .96 ) 
126.2 
(0.93) 
127.9 
(0 .44 ) 
E l e c t r i c a l c o n d u c t i v i t y ( 
micromhos cm 
(PP 
WP 
( 
980.0 
980 .0 
1090.0 
(1.03) 
1100.0 
(1.13) 
1096.0 
(1.03) 
1104.0 
(1.16) 
1121.0 
(1.20) 
1126.0 
(1 .23) 
1100.0 
(1.67) 
1105.0 (1.58) 
1128.0 
(2.01) 
1131.0 
(1.33) 
con t inued to 
en 
TABU! 5 . 9 : con t inued . . . 
P a r a m e t e r s 
Treatment 
I n i t i a l C o n t r o l 
s o i l (wa te r ) 
Upstream c a n a l 
wa te r 
50# 100$ 
Downstream c a n a l 
wa te r 
50?£ 1 
W a t e r - s o l u b l e s a l t s 
meq. kg" s o i l 
(PP 
:WP 
82.4 
82.4 
8 2 . 6 
(0 .039) 
82 .9 (0 .032) 
84.1 
(0 .030) 
84.8 
(0.043) 
9 3 . 6 
(0 .050) 
94 .6 
(0 .061) 
8 7 . 4 
(0 .098) 
8 8 . 7 (0 .066) 
96 .7 
(0 .16 ) 
97.2 
(0.043) 
Calcium ca rbona te $ 
(PP 
.WP 
2.30 
2.30 
2.50 
(0.053) 
2.53 (0 .062) 
2 .65 
(0 .093) 
2 .69 
(0 .074) 
2.70 
(0.12) 
2.75 
(0.090) 
2.70 
(0 .069) 
2.72 
(0.053) 
2.85 
(0.077) 
2.85 
(0 .081) 
A v a i l a b l e n u t r i e n t s : 
Po ta s s ium 
mg kg s o i l 
(PP 150.0 
( 
( 
(WP 150.0 
117.0 
(0.47) 
120.0 
(0.40) 
119 .3 
(0 .69 ) 
119.7 ( 0 . 5 8 ) 
135.1 (0.81) 
136.4 (0 .46 ) 
136.5 
(0 .49 ) 
136.2 
( 0 . 5 6 ) 
142 .3 
(0 .67 ) 
143.0 (0.72) 
con t inued . . . 
TABLE 5 . 9 : con t inued . . . 
Treatment 
Parameters 
Organic matter % 
Initial Control Upstream canal Downstream canal 
soil (water) water water 
100$ 50$ 100$ 
(PP 530.0 538.0 542.0 545.0 544.0 547.0 
Phosphorus ( (0.66) (0.58) (0.62) (0.46) (0.56) 
mg kg"1 soil (WP 530.0 536.0 542.8 544.0 545.2 549.0 
( ( 0 . 5 0 ) ( 0 . 4 7 ) ( 0 . 5 3 ) ( 0 . 4 2 ) ( 0 . 6 0 ) 
(PP 0 . 0 2 2 0 . 0 2 3 0 . 0 2 5 0 . 0 2 6 0 . 0 2 7 0 . 0 2 9 
( 0 . 0 0 4 ) ( 0 . 0 0 2 ) ( 0 . 0 0 4 ) ( 0 . 0 0 3 ) ( 0 . 0 0 2 ) 
A m m o n i a - n i t r o g e n $ 
(WP 0 . 0 2 2 0 . 0 2 3 0 . 0 2 6 0 . 0 2 6 0 . 0 2 7 0 . 0 3 0 
( ( 0 . 0 0 3 ) ( 0 . 0 0 3 ) ( 0 . 0 0 2 ) ( 0 . 0 0 1 ) ( 0 . 0 0 5 ) 
(PP 0 . 2 6 0 0 . 2 9 0 0 . 3 2 0 0 . 3 4 0 0 . 3 1 2 0 . 3 4 1 
( ( 0 . 0 0 3 1 ) ( 0 . 0 0 3 4 ) ( 0 . 0 0 4 6 ) ( 0 . 0 0 7 3 ) ( 0 . 0 0 3 0 ) 
(WP 0 . 2 6 0 0 . 2 7 0 0 . 3 1 7 0 . 3 4 3 0 . 3 1 7 0 . 3 4 6 
( ( 0 . 0 0 2 8 ) ( 0 . 0 0 3 8 ) ( 0 . 0 0 3 9 ) ( 0 . 0 0 5 0 ) ( 0 . 0 0 6 2 ) 
KB. Standard deviations are given in parentheses. 
PP = Soil with pea plant; WP =*• Soil with wheat plant. 
CO 
TABLE 5.10: EFFECTS OF COOLING TOWER, MACHINE WASHING AND SCRUBBER AND BOTTOM 
ASH EFFLUENTS ON GERMINATION AND GROWTH OF THE PLANTS. 
Effluent/Treatment Germination ($) Shoot length (cm) 
Pea Wheat Pea Wheat 
Control (Water) 100 100 16.1 8.16 
Cooling tower effluent 50$ 100 100 11.8 5.8 
Cooling tower effluent 100$ 100 100 11.2 5.6 
Machine washing effluent 50$ 100 100 11.4 5.3 
Machine washing effluent 100$ 90 90 11.2 4.9 
Scrubber and bottom ash effluent 50$ 90 80 10.5 4.3 
Scrubber and bottom ash effluent 100$ 80 70 10.2 4.1 
TABLE 5 . 1 1 : EFFECTS OF UPSTREAM AND DOWNSTREAM CANAL WATERS ON GERMINATION AND 
GROWTH OF THE PLANTS. 
Treatment Germina t ion ($) Shoot l e n g t h (cm) 
Pea Wheat Pea Wheat 
C o n t r o l (Water) 100 100 16.10 8 .16 
Upstream cana l wa te r 50$ 100 100 13.40 6 .7 
Upstream c a n a l wa te r 100$ 100 100 12.35 6 .6 
Downstream c a n a l w a t e r 50$ 100 100 12.20 6.6 
Downstream c a n a l wa te r 100$ 100 100 12.10 6.5 
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CHAPTER 6 
EFFECTS OF INDUSTRIAL DAIRY PROCESSING EFFLUENT 
ON SOIL AND CROP PLANTS 
6.1 Introduction 
The problem of pollution by wastewaters from dairies 
and from factories manufacturing cheese, butter, condensed 
milk and other milk products is one which has become serious 
during the recent years. The wastewaters emanating from a 
dairy are derived mostly from washings of milk cans, equip-
ments, bottles and floors, spills and leakes during various 
operations of the plant and also portions of spoiled and 
soured milk (Alagarswamy et al., 1981). The BOD of the 
wholesome milk is in the order of 1,00,000 and 1,33,000 
mgl" for cow and buffalo milk, respectively (Eldridge, 1953; 
Nemerow, 1963). It is, therefore, evident that the waste-
waters generated by a dairy have a very high biochemical 
oxygen demand (BOD). 
The wastewaters containing milk and milk products are 
not directly toxic to fish and other aquatic organisms, if 
these are discharged into a water course, unless the wastes 
have undergone anaerobic fermentation through which they may 
contain hydrogen sulphide which will be toxic to the aquatic 
life. Their polluting effect when discharged into a stream 
is mainly due to their decomposition by chemical and bio-
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logical means. The rate of oxidation of wastewaters contain-
ing milk and milk products is particularly rapid and may 
lead to intense pollution and to serious depletion in the 
concentrations of dissolved oxygen in a stream. 
The land irrigation is considered to be the simplest 
and most economical method for the disposal of dairy wastes, 
wherever sufficient lands with suitable soils are available. 
It is due to the fact that soil has a great capacity for 
receiving and decomposing wastes and pollutants of different 
kinds. The soils are also considered to be efficient puri-
fying media as suggested by Robeck et al. (1963), Bouwer 
(1970), DeVries (1972) and Young et al. (1975). The sus-
pended matter is filtered out by the soil particles and its 
organic matter is decomposed by the soil microfauna. The 
nutrients are utilized by the plants or precipitated out by 
the soil constituents. 
The effects of land application of municipal sewage 
wastewaters on the yield and chemical composition of forage 
crops were reported by Bole and Bell (1978). Sutton et al. 
(1978) observed the effects of liquid swine waste applica-
tions on corn yield and soil chemical composition. They 
applied the waste on the soil at different rates in order 
to give different concentrations of I, P, K and Na and it 
was observed that soil Na, NO-z-N and extractable P concen-
trations were increased by its applications. 
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The application of citrus processing factory waste-
waters to Florida soils proved detrimental in a study carried 
out by Coleman et al. (1979). 
Selby and Skinner (1979) discussed the groundwater 
pollution in the U.K., U.S.A., U.S.S.E. and West Germany 
from various sources including the dairy wastes. Harding 
(1979) related dairy wastes to products, in plant opera-
tions and raw materials using a milk-equivalent concept. 
They also presented the methods of reducing losses. Rykl 
and Gillar (1979) summarized the water management, waste-
water characteristics and wastewater treatment methods for 
166 dairy plants in Bohemia and Moravia. 
Treatment of dairy wastewater in a recirculating oxi-
dation canal was evaluated over a four year period by Kurts 
and Rashehuk (1977). They concluded that the reasonable 
treatment efficiencies could not be maintained in cold cli-
mates. Wilsek (1979) described a method of treating cheese 
plant wastewater which resulted in no discharge from the 
manufacturing site. It employed both spray irrigation and 
activated sludge treatment with land application of the 
effluent. Alagarswamy et al. (1981) studied the effluent 
treatment of dairy wastes. The wastewater was treated in 
oxidation ditches which reduced the biochemical oxygen 
demand (BOD) concentrations by 96.7$. 
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Yeates (1976) made the monthly estimates of earthworm 
numbers by hand sorting from July 1974 to July 1975 in a 
permanent pasture of 1.6 ha irrigated with 30,000 1 d~ of 
dairy shed effluent. The sampling indicated that effluent 
irrigation stimulated the earthworm populations. 
Lane (1955) has reported that the land disposal of 
cannery wastewater and dairy wastes can turn the unproduc-
tive land into the productive and profitable land. 
The use of spray irrigation of dairy waste was studied 
in detail at five Wisconsin farms near Madison by Lawton et 
al. (1960). They concluded from these studies that this 
method was found to be practical, satisfactory as well as 
economical. 
The effects on crop yield, plant composition, and 
soil of applying anaerobic dairy slurry to kokomo silt loam 
cropped to corn (Zea mays) was studied by Sutton et al. 
(1979). The maximum corn grain production was obtained with 
the slurry application. The plant composition was not 
affected by waste application except total N levels in corn 
leaves increased with increasing waste rates during the 
second year. 
The methods of utilizing and disposing off dairy whey 
were reviewed by Holder and Sewards (1976). They also deter-
mined kinetic and stoichiometric characteristics for a waste 
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treatment system. 
Field studies were conducted by Watson et al. (1977) 
to determine the effects spreading whey on land would have 
on the mineral content of the soil, its permeability and the 
crops which the soil would produce. The project was carried 
put by applying 51, 102, 203 and 406 mm of the fluid whey to 
silt loam soil with corn grown as an indicator crop. The 
results indicated that 102 mm of whey could be applied with 
benefits to the crop growth and without any major problems 
except for some downward movement of nitrate content. 
Watson et al. (1978) investigated the effects of 
applying cheese whey to agricultural crop land. In most of 
the cases, land application of whey by tank truck spreading 
or irrigation was beneficial to productivity. 
The present chapter deals with the characterization 
of Glaxo Laboratories (India) Ltd. effluents (an industrial 
dairy processing plant) and their effects (in pot culture) 
on certain physico-chemical characteristics of soil, seed 
germination pattern and growth of two common crop plants 
(kidney bean and pearl millet). 
6.2 Description of the Glaxo Laboratories (India) Ltd. 
The factory of Glaxo Laboratories (India) Ltd. is 
situated at Manzoor Garhi, a village about 10 km away from 
lligarh city in Uttar Pradesh, India. It processes milk 
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products such as powdered milk, 'Complan' and 'Glaxose D' 
etc. The factory has installed an aeration treatment plant 
with settling tank which helps in lowering the BOD and total 
solids of the effluents. 
6.3 Experimental 
6.3.1 Collection and analyses of the Glaxo Laboratories 
(India) Ltd. effluents; 
The main drain discharging the effluents from the 
factory receives wastes through two routes: (i) the major 
part of the effluents coming from the treatment plant and 
(ii) a comparatively smaller part comprising of the washings 
of containers and the milk overflows etc. The effluent 
samples were collected and brought to the laboratory from 
sites A (treated), B (untreated) and C (mixture of treated 
and untreated) (Pig. 6.1). These were analysed separately 
for their physico-chemical properties using Standard Methods 
(1975). The effluents from site C (mixture of treated and 
untreated effluents) were used for irrigation. 
6.3.2 Collection and analyses of the soil samples; 
Samples of fertile soil were collected from the 
fields around the Aligarh Muslim University. These were 
ground, passed through an 80 mesh sieve and analysed for 
pH, electrical conductivity, water-soluble salts, cation 
exchange capacity, organic matter, calcium carbonate, nitro-
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products such as powdered milk, 'Complan1 and 'Glaxose D' 
etc. The factory has installed an aeration treatment plant 
with settling tank which helps in lowering the BOD and total 
solids of the effluents. 
6.3 Experimental 
6.3.1 Collection and analyses of the Glaxo Laboratories 
(India) Ltd. effluents; 
The main drain discharging the effluents from the 
factory receives wastes through two routes: (i) the major 
part of the effluents coming from the treatment plant and 
(ii) a comparatively smaller part comprising of the washings 
of containers and the milk overflows etc. The effluent 
samples were collected and brought to the laboratory from 
sites A (treated), B (untreated) and C (mixture of treated 
and untreated) (Pig. 6.1). These were analysed separately 
for their physico-chemical properties using Standard Methods 
(1975). The effluents from site C (mixture of treated and 
untreated effluents) were used for irrigation. 
6.3.2 Collection and analyses of the soil samples; 
Samples of fertile soil were collected from the 
fields around the Aligarh Muslim University. These were 
ground, passed through an 80 mesh sieve and analysed for 
pH, electrical conductivity, water-soluble salts, cation 
exchange capacity, organic matter, calcium carbonate, nitro-
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gen, phosphorus and potassium contents. 
One kg of the ground soil was placed in several 15 
cm diameter earthenware pots. Seeds of kidney "bean (Phaseo-
lus aureus) and pearl millet (Pennisetum typhoides) were 
sown separately in the pots after surface sterilization. 
The earthenware pots were irrigated daily for six weeks 
with 100 ml of 100$, 75$, 50$, 25$ and 0$ (control) concen-
trations of the effluent collected from site C. One set of 
the earthenware pots was kept without seeds for each con-
centration of the effluent in order to monitor the effects 
of the Glaxo Laboratories (India) Ltd. effluent on soil 
alone. Each treatment was replicated five times. The 
effects of 100$ effluent and its various dilutions on the 
physico-chemical characteristics of the soil were monitored 
using the methods described in Chapter 2. The effects of 
the effluent treatments on the properties of soil, germina-
tion of seeds and growth of the plants were compared with 
those of tap water which was used for irrigation as control. 
In addition, the soil of each pot with plants was analysed 
and compared with that of the pots without plants. The 
shoot and root lengths were also measured after six weeks. 
6.4 Results and Discussion 
The physico-chemical characteristics of the effluents 
collected from the sampling sites A, B and C have been pre-
sented in Table 6.1. Obviously, as compared to the treated 
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effluent (A), less dissolved oxygen was found in the un-
treated effluent (B) . The BOD was found to be highest in 
the untreated effluent (698.0 mg 1 ). The effluents were 
slightly alkaline in nature and the amount of ammonia nitro-
gen present was small while nitrate nitrogen and nitrite 
nitrogen were absent. The untreated effluent samples con-
tained more suspended and dissolved solids than the treated 
effluent. Calcium content in the untreated effluent was 
high. After the treatment, a reduction in the total solids 
was observed due to the settling down in the settling tank. 
The chloride, sulphate and magnesium contents were found to 
be present in appreciable amounts in all the three effluents 
(Table 6.1). It is well known that accumulation of chlorides 
in the soil causes undesirable effects. Excessive concen-
trations of chloride in the plant may prove toxic with the 
result that the plant would exhibit injury symptoms like 
scorching or burning of the leaves (Wadleigh et al., 1951). 
The accumulation of sulphate content in soil may also lead 
to the increased osmotic pressure of the soil solution (Seatz 
et al., 1958). Phosphorus was present in small amounts in 
all the effluents. The metals copper, manganese, iron and 
chromium were found to be absent. 
The soil used for the studies was found to have pH 
8.50, electrical conductivity 3.20 x 10~4 mhos cm"1, total 
soluble salts 64.15 meq kg , cation exchange capacity 
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29.20 meq kg"" , organic matter 0.078$ and calcium carbonate 
1.30$ (Table 6.2). The soil was also found deficient in 
organic matter, hence the low cation exchange capacity 
(Alexander, 1961). The soil exhibited a moderate electri-
cal conductivity. 
Considering the effects of effluent on pot soil with-
out crop plant*, 100$ effluent brought about spectacular 
changes in the chemical composition of the pot soil without 
plants. All the parameters except potassium content showed 
an increase in their concentrations from 25$ to 100$ eff-
luent concentrations applied to the soil (Table 6.2). The 
mineralisation of the organic matter as well as the nutri-
ents available in the effluent might be responsible for 
these observations. Similar results have been reported by 
Igbounamba (1972) and Rajannan and Oblisamy (1979). The 
available potassium went down considerably, possibly due to 
its leaching downward to the lower layers (Watson et al., 
1977). 
After the irrigation for six weeks the pH of the water 
irrigated (control) pot soil was 8.35 + 0.068 while the pH 
of the pot soil irrigated with the 100$ effluent was recorded 
as 8.60 + 0.062. Similarly, the electrical conductivity was 
-4- 1 
enhanced from 3.30 + 0.99 x 10 mhos cm (control) to 3.66 
+ 1.12 x 10~ mhos cm" when the irrigation was performed 
with 100$ effluent. The water soluble salts were also in-
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creased from 64.50 + 0.029 meq kg" (cont ro l ) t o 66.63 + 
0.030 meq kg" a f t e r i r r i g a t i o n with 100$ e f f luen t . 
The percent change in the organic matter and calcium 
carbonate content as compared to water i r r i g a t e d (control) 
s o i l was 61.61$ and 54.26$, r espec t ive ly when the pot s o i l 
was i r r i g a t e d with 100$ e f f luen t . The per cent changes for 
ni t rogen and phosphorus in the s o i l s i r r i g a t e d "by 100$ eff-
luent were 5.79 and 18.85, r e spec t ive ly when compared to 
the water i r r i g a t e d (cont ro l ) pot s o i l . The per cent de-
crease in t he potassium content of the s o i l was found 36.66 
for 100$ eff luent i r r i g a t e d pot s o i l s as compared to tha t of 
con t ro l . 
More i n t e r e s t i n g data were obtained when the s o i l 
with crop p l an t s was analysed (Table 6 .3 ) . Although, here 
also a l l the parameters except potassium showed an upward 
trend but the increase was s l i g h t l y smaller as compared to 
the s o i l s without p l a n t s . For example, the t o t a l water 
soluble s a l t s in the s o i l without p l an t s receiving 100$ 
eff luent treatment were 66.63 + 0.030 meq kg (Table 6.2) 
while the s o i l with p l an t s showed only 60.35 + 0.033 meq 
-1 -1 
kg for kidney bean and 60.63 + 0.036 meq kg for pea r l 
m i l l e t . Similar t rend was also noticed in the 25$, 50$ and 
75$ eff luent i r r i g a t e d s o i l . The same pa t t e rn was also 
observed in a l l other ava i lab le n u t r i e n t s . 
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It may be inferred from these results that plants 
consumed water-soluble salts and other available nutrients 
resulting in the lowering of these parameters in the soil 
as compared to the soil irrigated with the effluents but 
without plants. 
The effects of Glaxo Laboratories (India) Ltd. eff-
luent and its various dilutions on seed germination, growth 
and shoot/root ratio of the plants have been presented in 
Table 6.4. The 100$ effluent affected the germination of 
the seeds of the two crops differently. It decreased the 
germination of kidney bean seeds but increased that of pearl 
millet seeds as compared to the respective controls (irri-
gated with water). Considering the data for shoot/root 
lengths, 25$ effluent was found to be favourable for the 
growth of kidney bean and 75$ effluent for the growth of 
pearl millet plants. It may be noted, however, that whereas 
kidney bean showed an inhibitory trend in the shoot/root 
ratio as the concentration of the effluent was increased; 
no clear cut relation could be established in the case of 
pearl millet plants. 
Irrigation with the 100$ effluent retarded the growth 
of both the plants. The retardation of the growth in the 
case of the undiluted effluents may possibly be due to the 
absence of sufficient amount of oxygen in the soil air since 
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The dairy wastes may undergo decomposition in the soil with 
the help of soil organisms. Due to the high demand for 
oxygen of the undiluted wastes, the oxygen in the soil air 
may soon be exhausted and there is every likelihood of the 
development of anaerobic conditions (Thabaraj et al., 1964). 
Glaxo Laboratories 
Clndia) Ltd.Factory 
I 
Treatment Plant 
Untreated Effluent 
( B ) 
i 
Treated Effluent 
CA) 
-MixtureOf Treated And 
Untreated Effluent 
CO 
To Land 
Fig.6-l_Schematic diagram showing various routes 
taken by the eff luents passing from the 
source to the Land-
TABLE 6 . 1 : PHYSICO-CHEMICAL CHARACTERISTICS OP GLAXO LABORATORIES (INDIA) LTD. 
EFFLUENTS. 
P a r a m e t e r s 
C o l o u r 
T u r b i d i t y (FTU) 
pH 
S u s p e n d e d s o l i d s 
D i s s o l v e d s o l i d s 
DO 
BOD 
COD 
T o t a l a l k a l i n i t y -
C a r b o n d i o x i d e 
C a l c i u m 
C h l o r i d e s 
C h l o r i n e 
Chromate sodium 
T r e a t e d e f f l u e n t 
( c o l l e c t e d 
from s i t e A*) 
C o l o u r l e s s 
1 4 . 0 
7 . 8 0 
4 8 7 . 0 
3 1 8 . 0 
2 . 1 0 
6 3 8 . 0 
1 0 1 1 . 0 
3 0 3 . 0 
9 . 5 
1 2 9 . 0 
1 0 . 0 
ND 
ND 
U n t r e a t e d e f f l u e n t 
( c o l l e c t e d 
from s i t e B*) 
M i l k y 
1 6 . 0 
7 . 9 0 
6 9 4 . 0 
361 . 0 
1 . 3 0 
6 9 8 . 0 
1 1 2 8 . 0 
3 0 8 . 0 
1 2 . 0 
1 3 4 . 0 
1 6 . 0 
ND 
ND 
M i x t u r e of t r e a t e d 
and u n t r e a t e d 
e f f l u e n t 
( c o l l e c t e d ^ 
from s i t e C ) 
M i l k y 
1 6 . 0 
7 . 8 2 
6 1 8 . 0 
3 5 3 . 0 
1 .75 
6 5 6 . 0 
1 0 8 6 . 0 
3 0 4 . 0 
1 1 . 0 
131 . 0 
1 2 . 0 
ND 
ND 
c o n t i n u e d . . . 
>—* 
TABLE 6.1: continued ... 
Parameters Treated effluent Untreated effluent 
(collected 
from site A ) 
Mixture of treated 
and untreated 
effluent 
0*) 
( c o l l e c t e d 
from s i t e B*) 
ND 
232.0 
ND 
ND 
ND 
101.0 
0 .30 
ND 
ND 
1.25 
17 .0 
( c o l l e c t 
from s i t e 
ND 
231.0 
ND 
ND 
ND 
100.0 
0 .25 
ND 
ND 
0.83 
14 .0 
Chromium hexavalent 
Total hardness 
Iron 
Manganese 
Copper 
Magnesium 
Ammonia-nitrogen 
N i t r i t e - n i t rogen 
N i t r a t e - n i t r o g e n 
T o t a l phosphorus 
S u l p h a t e s 
ND 
229.0 
ND 
ND 
ND 
9 7 . 0 
0 .25 
ND 
ND 
0 .53 
10 .0 
NB. A l l t h e v a l u e s except c o l o u r , pH and t u r b i d i t y a r e i n mg 1 
) = Not de 
F i g . 6 . 1 . 
- 1 
ND  t e t e c t a b l e . 
* 
TABLE 6.2: EFFECTS OF DIFFERENT CONCENTRATIONS OF GLAXO LABORATORIES (INDIA) LTD. 
EFFLUENT ON CERTAIN CHEMICAL PROPERTIES OF POT SOIL. 
(Data represent the mean of five replications) 
Treatment 
Initial Control Effluent Effluent Effluent Effluent 
soil (water) 25^ 50$ 75# 100^ 
pH 8.30 8.35 8.40 8.45 8.50 8.60 
(0.068) (0.071) (0.074) (0.066) (0.062) 
E l e c t r i c a l c o n d u c t i v i t y 3 .20 3 .30 3 .58 3 .60 3 .60 3 .66 
mhos cm'1 x 1 0 " 4 ( ° - " > ^°'9^ ( U 1 0 ) ( U 5 0 ) ( 1 ' 1 2 > 
W a t e r - s o l u b l e s a l t s 64 .13 64.50 64.91 65.42 65.96 66.63 
meq kg"1 s o i l (0 .029) (0 .034 ) (0 .028) (0 .031) ( 0 .030 ) 
Ca t ion exchange c a p a c i t y 29 .20 29.90 30 .20 31 .50 32 .70 34 .10 
meq k g ' 1 s o i l (0 .072) (0 .069) (0 .078) (0 .082) (0 .079) 
Calcium ca rbona t e $> 1.30 1.29 1.91 1.96 1.97 1.99 
(0 .11 ) (0 .036) (0 .060) (0 .046) (0 .058) 
fo Change i n calc ium c a r b o n a t e - - 48 .06 51 .93 52.71 54 .26 
ro 
con t inued . . . en 
TABLE 6.2: continued . . . 
Parameters 
I n i t i a l 
s o i l 
21.80 
Control (water) 
21.90 (0.029) 
Treatment 
Effluent Effluent 
25* 50* 
22.45 22.76 (0.038) (0.041) 
Eff luent 
75* 
22.99 (0.031) 
Eff luent 
100* 
23.17 (0.036) 
Avai lable n u t r i e n t s : 
Ammonia-nitrogen 
mg kg" s o i l 
* Change in Ammonia-nitrogen 
Phosphorus 
mg kg" s o i l 
* Change i n phosphorus 
137.0 
2.51 3.92 4.97 
5.40 10.45 14.47 
5.79 
136.8 
(0.56) 
144.2 
(0.87) 
151.1 
(0.96) 
156.6 
(1.12) 
162.6 
(0.49) 
18.85 
Potassium 
mg kg" s o i l 
* Change in potassium 
16.0 15.0 
(0.46) 
8.5 
(0.39) 
8 .0 
(0.57) 
8.0 
(0.43) 
9.5 
(0.58) 
-43.33 -46.66 -46.66 •36.66 
Organic mat ter * 
* Change in organic mat te r 
0.078 0.099 (0.0026) 0.131 (0.0031) 
32.32 
0.137 (0.0029) 
38.38 
0.149 (0.0024) 
50.50 
0.160 
(0.0033) 
61 .61 
NB. * Changes r e l a t e t o w a t e r - i r r i g a t e d s o i l as c o n t r o l . 
Standard dev ia t i on are given in pa ren theses . 
ro 
TABLE 6 . 3 : EFFECTS OF DIFFERENT CONCENTRATIONS OF GLAXO LABORATORIES (INDIA) LTD. 
EFFLUENT ON CERTAIN CHEMICAL PROPERTIES OF POT SOILS WITH PLANTS. 
(Data r e p r e s e n t t h e mean of f i v e r e p l i c a t i o n s ) 
Pa rame te r s Treatment 
I n i t i a l 
s o i l 
8 .30 
8 .30 
3 .20 
3 .20 
64.13 
64.13 
29 .2 
29 .2 
C o n t r o l 
( w a t e r ) 
8 .40 
(0 .070) 
8 .40 
(0 .068) 
3 .30 
(1 .10 ) 
3 .20 
(0 .98 ) 
58 .72 
(0 .031) 
58 .96 
(0 .039) 
28 .8 
(0 .079 ) 
29 .0 
(0 .084) 
E f f l u e n t 
25$ 
8 .40 
(0 .071) 
8 .35 
(0 .059) 
3 .56 
(0 .96) 
3 .58 
(0 .83 ) 
58.44 
(0 .039) 
59 .02 
(0 .026) 
29.1 
(0 .081) 
28.9 
(0 .079) 
E f f l u e n t 
50?$ 
8.45 (0 .068) 
8 .45 
(0 .063) 
3 .59 (0 .86 ) 
3 .58 
(0 .91) 
59 .20 
(0 .034) 
59 .44 
(0 .024) 
29 .7 
(0 .065) 
29 .4 
(0 .077) 
E f f l u e n t 
75# 
8 .50 
(0 .074) 
8 .50 
(0 .070) 
3 .59 
( 1 . 0 3 ) 
3 .59 
( 1 . 3 0 ) 
59 .86 
(0 .041) 
59 .99 
(0 .038) 
3 0 . 8 
(0 .071) 
30.1 
(0 .067) 
E f f l u e n t 
100# 
8 .60 (0 .066) 
8 .60 
(0 .056) 
3 .64 
(0 .92 ) 
3 .64 
(0 .84 ) 
60.35 
(0 .033) 
60.63 
(0 .036) 
32 .7 
(0 .066) 
3 2 . 3 
(0 .073) «^ 
c o n t i n u e d . . . GO 
pH 
mhos cm x 10 
W a t e r - s o l u b l e s a l t s 
meq kg s o i l 
Ca t ion exchange c a p a c i t y 
meq kg s o i l 
KB 
(PM 
Electrical conductivity ( 
-1 _ ..-4 ( 
(KB 
PM 
(KB 
PM 
(KB 
(PM 
TABLE 6.3: continued . . . 
Parameters Treatment 
I n i t i a l Control 
so i l (water) Effluent Effluent Effluent Effluent 25?S 50$ 75$ 100$ 
Calc ium c a r b o n a t e $ 
A v a i l a b l e n u t r i e n t s : 
Ammonia -n i t r o g e n 
mg k g " s o i l 
P h o s p h o r u s 
mg k g " s o i l 
P o t a s s i u m 
mg k g " s o i l 
(KB 
I 
(PM 
( 
(KB 
i 
(PM 
(KB 
( 
(PM 
( 
(KB 
1 
( 
(PM 
1 . 3 0 
1 . 3 0 
21 . 8 0 
21 . 8 0 
1 3 7 . 0 
1 3 7 . 0 
1 6 . 0 
1 6 . 0 
1.21 
( 0 . 0 9 2 ) 
1 . 2 2 
( 0 . 0 8 6 ) 
21 . 5 2 
( 0 . 0 3 1 ) 
21 . 4 0 
( 0 . 0 3 6 ) 
1 2 8 . 8 
( 0 . 4 9 ) 
1 2 7 . 6 
( 0 . 5 3 ) 
1 3 . 0 
( 0 . 4 8 ) 
1 3 . 5 
( 0 . 4 3 ) 
1 . 8 8 
( 0 . 0 5 8 ) 
1 .85 
( 0 . 0 6 3 ) 
2 2 . 1 5 
( 0 . 0 2 8 ) 
2 2 . 0 0 
( 0 . 0 2 6 ) 
1 4 1 . 8 
( 0 . 5 8 ) 
1 3 9 . 6 
( 0 . 5 5 ) 
6 . 8 
( 0 . 4 1 ) 
6 . 0 
( 0 . 5 5 ) 
1 .95 
( 0 . 0 6 7 ) 
1 .93 
( 0 . 0 5 4 ) 
2 2 . 5 5 
( 0 . 0 3 8 ) 
2 2 . 3 6 
( 0 . 0 3 3 ) 
1 4 8 . 3 
( 0 . 6 7 ) 
1 4 7 . 3 
( 0 . 5 1 ) 
6 . 0 
( 0 . 4 3 ) 
7 . 0 
( 0 . 4 6 ) 
1 .95 
( 0 . 0 6 2 ) 
1 .95 
( 0 . 0 9 1 ) 
2 2 . 6 6 
( 0 . 0 4 3 ) 
2 2 . 6 3 
( 0 . 0 3 7 ) 
1 5 4 . 4 
( 0 . 9 2 ) 
1 5 4 . 1 
( 0 . 7 6 ) 
6 . 5 
( 0 . 5 7 ) 
7 . 0 
( 0 . 5 1 ) 
1 .97 
( 0 . 0 6 6 ) 
1 . 9 8 
( 0 . 1 0 0 ) 
2 2 . 8 0 
( 0 . 0 3 9 ) 
2 2 . 8 1 
( 0 . 0 2 8 ) 
1 5 7 . 2 
( 0 . 6 1 ) 
1 5 7 . 8 
( 0 . 4 9 ) 
7 . 0 
( 0 . 5 4 ) 
8 . 0 
( 0 . 4 7 ) 
continued . . . 
TABLE 6.3: continued ... 
Parameters Treatment 
Initial Control 
soil (water) 
Effluent Effluent Effluent Effluent 
25# 50% 75% 100% 
Organic matter % 
(KB 
( 
(PM 
0 .078 0 .093 
(0 .0033) 
0 .078 0 .096 
(0.0029) 
0 .129 (0 .0038) 
0.116 
(0.0034) 
0.129 (0.0026) 
0.129 
(0.0027) 
0.142 (0.0036) 
0.142 
(0.0032) 
0.143 (0.0028) 
0.155 (0.0030) 
NB. Standard deviations are given in parentheses. 
KB = Kidney bean 
PM = Pearl millet. 
TABLE 6.4: EFFECTS OF GLAXO LABORATORIES (INDIA) LTD. EFFLUENT ON THE GERMINATION 
AND SHOOT, ROOT LENGTHS OF PLANTS. 
Parameters Treatment 
C o n t r o l 
( w a t e r ) 
100.0 
8 0 . 0 
12 .10 
3 .27 
5.21 
6.40 
2 . 3 
0 . 5 
E f f l u e n t 
2598 
8 0 . 0 
60 .0 
12.70 
3 .27 
5.25 
3 .80 
2 . 4 
0 . 8 
E f f l u e n t 
50$ 
8 0 . 0 
7 0 . 0 
11 .95 
5.78 
5.46 
4 .76 
2 .1 
1.2 
E f f l u e n t 
90 .0 
90 .0 
10 .20 
5.85 
5.90 
6.07 
1.7 
0 . 9 
E f f l u e n t 
100$ 
90 .0 
100.0 
9 .83 
5.31 
6.70 
5.12 
1.4 
1 .03 
Germination fo 
Shoot/root r a t i o 
(KB 
( 
(PM 
Average shoot length (cm) ( 
(KB 
(PM 
Average root length (cm) ( 
(KB 
(PM 
(KB 
( 
(PM 
NB. KB = Kidney bean 
PM = Pearl millet 
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CHAPTER 7 
EFFECTS OF SOAP MANUFACTURING FACTORY EFFLUENT 
ON SOIL AND CROP PLANTS 
7.1 Introduction 
By 'detergent1, we mean any substance possessing 
considerable cleansing properties. The soaps are the oldest 
detergents being used even today for the cleansing purposes. 
The soaps are strictly any metallic salts of the higher 
fatty acids but in common parlance the term is restricted 
to the water soluble sodium and potassium salts. The sodium 
salts ('hard' soaps) and potassium salts ('soft1 soaps) are 
prepared by the saponification of fats with boiling solu-
tions of caustic soda and caustic potash, respectively. In 
addition to the water soluble sodium and potassium soaps, 
there are also the water insoluble soaps of such metals as 
calcium, iron, aluminium, manganese and zinc. Many of these 
metallic soaps are used in different industries. For ins-
tance, aluminium, zinc and lead soaps are used in the manu-
facture of lubricants and greases and manganese, lead and 
cobalt soaps in the manufacture of paints and varnishes 
(Klein, 1957). 
The discharges from the soap manufacturing factories 
include unsaponified materials, residues of the saponified 
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matter and washings of the vessels and also spills of the 
oils and caustic solution. The wastes may also contain 
considerable amounts of soaps and detergents, which on 
finding their way into the streams, may cause considerable 
effects on the water quality and create stress on the aqua-
tic life. 
The soaps and the detergents are known to cause 
foam in the water-bodies to which they are discharged. The 
production of foam is a physical phenomenon which is due 
to the lowering of the surface tension of water by the 
detergents (Bowers, 1952). Roberts (1954) has stated that 
1 ppm or even less concentration of the detergents can cause 
froth on rivers. Apart from the aesthetic objection to 
froth, there does not seem to be any evidence of any marked 
harmful effect. Nevertheless, the froth at a sewage works 
does collect a certain amount of oil and grease which may 
possibly harbour pathogenic organisms. Donaldson (1952) 
stated that foam from the final effluent of an activated 
sludge plant in the U.S.A. contained 30-50$ of the greasy 
matter. 
The action of detergent and soap effluents on the 
transfer and dissolution of oxygen has been studied by 
several workers (Godwy, 1953; Manganelli, 1952; Lynch, 
1954). According to Gameson et al. (1955) the presence of 
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detergents and soaps can reduce reaeration by 40 per cent. 
Downing et al. (1957) have investigated the actions of 
various substances, including detergents, on the rate of 
dissolution of oxygen in water contained in a tank. The 
detergents and soaps lead to a reduction in the coefficients 
of exchange in pure water. A possible explanation of this 
action of the detergents and soaps is that a protective 
surface film which is formed due to its effect, is an obs-
tacle to the renewal of the oxygen dissolved at the air-
water interface (Baars, 1955). 
_1 
Van Beneden (1952) has stated that 120 mg 1 of 
detergents is likely to prevent the development and growth 
of algae. The water plants can be adversely affected by 
detergents. Evans and Roberts (1955) have shown that the 
rooted plants Ranunculus aquatilis, Potamogeton pectinatus 
and Potamogeton densus were unable to grow in 2.5 ppm of 
the detergent. 
Of the three locations for the disposal of industrial 
wastes surface water, atmosphere and land, the land repre-
sents not only an appropriate disposal site for many indus-
trial wastes but also an opportunity to manage these wastes 
with minimum adverse environmental effects. The application 
of manure, sewage sludge and municipal wastewater on land 
for both disposal and fertilizer value has been practised 
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for centuries. The challange is, however, to utilize the 
chemical, physical and biological properties of the soil 
as an acceptor for the industrial wastes with minimum 
undesireable effects to the crops grown to that soil, 
characteristics of the soil and to the quality of ground 
water and surface runoff. The soils are also considered to 
be efficient purifying media as suggested by Robeck et al. 
(1963), Bouwer (1970) and Young et al. (1975). 
Thabaraj et al. (1964) have observed the effects of 
tannery effluent on the soil composition and germination of 
tomato seeds in soil and sand culture. The germination was 
badly affected with undiluted and unsedimented effluent 
while best germination was noted with diluted effluent 
treated through the trickling filters. 
Pearson (1972) has studied the suitability of the 
food processing wastewater for irrigation of various crops. 
He found it suitable for irrigation under most of the con-
ditions. 
The application of citrus processing wastewaters to 
Florida soils proved detrimental in a study carried out by 
Coleman et al. (1979). The hydroxides of sodium, potassium 
and calcium in the wastewater affected seriously the per-
meability of the fine sand used. 
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The e f fec t s of syn the t ic detergent eff luent on the 
germination o f . b r i n j a l seeds was studied "by Kale (1966). 
He found tha t the root /hypocotyl r a t i o values decreased 
with the addi t ion of the detergent so lu t ion . 
Judy and Kroontje (1971) have observed e f fec t s of 
synthet ic household de te rgents contained in the wastewater 
on the s o i l c h a r a c t e r i s t i c s and the growth of corn. 
The present chapter deals with the physico-chemical 
analyses of a soap-factory eff luent (a un i t of Prag Oil 
M i l l s , Al iga rh) . The e f fec t s of four d i f f e ren t concentra-
t i o n s (10C$, 75#, 50$ and 25#) of the eff luent on ce r t a in 
chemical c h a r a c t e r i s t i c s of s o i l , seed germination pa t te rn 
and growth of two important crop p l an t s (kidney "bean and 
tomato) have also been studied in order to find i t s s u i t a -
b i l i t y for d i sposa l on a g r i c u l t u r a l land. 
7.2 The Factory 
The Prag Oil Mill is situated in Aligarh, Uttar 
Pradesh. The factory manufactures vegetable oils and wash-
ing soap. The main sources of the wastewaters of the fac-
tory are from the soap manufacturing unit. Usually the 
rice bran oil is used for manufacturing soap. The oil is 
treated with caustic lye solution (solution of sodium hydro-
xide) which results in the formation of soap. The soap 
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factory effluent consists of unsaponified and residual 
matter, spills of oil and caustic solution and washings 
of the vessels used for saponification. 
7.3 Experimental 
7.3.1 Collection and analyses of the effluent samples: 
The effluent of the soap factory was collected at the 
outlets of the factory and sufficient quantities of the eff-
luent were stored in the laboratory. The effluent was 
analysed physico-chemically for colour, pH, turbidity, 
total solids, dissolved solids, suspended solids, dissolved 
oxygen, biochemical oxygen demand (BOD) , chemical oxygen 
demand (COD), ammonia-nitrogen, chlorides, sulphates, phos-
phorus, potassium, chlorine, bromine, iodine, total alkali-
nity, hardness, sodium and heavy metals - chromium, copper, 
and manganese. The methods employed for the determination 
of these parameters were according to the Standard Methods 
(1975). 
7.3.2 Collection and analyses of the soil samples; 
The soil samples were collected from the fields near 
the Aligarh Muslim University. The soil was ground, mixed 
thoroughly and passed through an 80 mesh sieve and analysed 
for pH, electrical conductivity, water-soluble salts, 
organic matter, calcium carbonate, ammonia-nitrogen 
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phosphorus and potassium contents using the Standard Methods 
described earlier (Chapter 2) whereas the sodium content of 
the soil was determined by Flame Photometer (Systronics 
(India) Ltd.). 
7.3.3 Preparation and irrigation of the soil samples; 
One kg of the ground soil was placed in each of the 
several earthenware pots having a diameter of 15 cm. Kidney 
bean (Phaseolus aureus) and tomato (Ly coper si cum esculentum) 
seeds were sown in each pot after surface sterilization. 
The pots were irrigated daily for seven weeks with 150 ml 
of 100$, 75$, 50$, 25$ and 0$ (control) concentrations of 
the soap factory effluent. One set of the earthenware pots 
was kept without seeds for each concentration of the eff-
luent in order to monitor its effects on the soil alone. 
Each treatment was replicated five times. After seven 
weeks of irrigation the changes in the soil characteristics 
were determined using the procedures described in Chapter 2. 
The growths of the two crop plants, irrigated with various 
concentrations of the effluent, were also monitored. At the 
end of the experiments the shoot and root lengths of the 
plants were measured. The number of leaves per plant was 
also counted. 
7.4 Results and Discussion 
The physico-chemical characteristics of the soap 
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factory effluent have been presented in Table 7.1. The 
effluent was greyish in colour and highly alkaline in nature 
(pH 9.2). The dissolved oxygen content was found to be nil 
whereas the biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD) were considerably high. Considerable 
concentrations of chlorides, sulpahtes and sodium contents 
were found in the effluent. Accordirg to Mehlich (1955) 
sodium probably plays a role in regulating the physico-
chemical processes of cell colloidal system of the plants 
that are able to absorb this element. Some crops are bene-
fitted by the additions of sodium when available potassium 
is insufficient (Miller, 1955). Excessive concentrations of 
chlorides in the plants may prove toxic with the result that 
the plant would exhibit injury symptoms like scorching or 
burning of the leaves (Wadleigh et al, 1951). Though sul-
phates are less toxic than chlorides (Seatz et al., 1958), 
their accumulation in the soil may lead to increased osmotic 
pressure of the soil solution. Brown et al. (1953) have 
stated that by promoting uptake of sodium, sulphate may 
induce sodium toxicity in the susceptible species. Pota-
ssium, phosphorus and ammonia-nitrogen were present in the 
effluent in small concentrations. High values of the sus-
pended and dissolved solids were obtained in the effluent 
whereas chlorine, bromine, iodine and metals chromium, 
copper and manganese were found to be absent (Table 7.1). 
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The effects of the soap factory effluent in various 
concentrations, viz. 100$, 75$, 50$, 25$ and 0$ on the chemi-
cal characteristics of the pot soils with the analyses of 
the original soil are presented in Table 7.2. The soil used 
for the studies had pH 8.45, electrical conductivity 830.0 
-1 -1 
micromhos cm , water soluble s a l t s 68.34 meq kg , organic 
matter 0.23$, calcium carbonate 0.70$, ammonia-nitrogen 
-1 -1 
0.025$, sodium 19.70 mg kg , phosphorus 367.0 mg kg and 
potassium 165.0 mg kg" (Table 7 . 2 ) . 
A s l i g h t upward change was observed in the wate r -
soluble s a l t s , e l e c t r i c a l conduct iv i ty , calcium carbonate, 
ammonia-nitrogen, phosphorus and organic matter content of 
the s o i l when i t was i r r i g a t e d with tap water (control) 
whereas the pH and potassium contents of the s o i l were found 
to be decreas ing. 
A marked increase in the organic mat ter , calcium 
carbonate, sodium, phosphorus, ammonia-nitrogen and pota-
ssium content of the s o i l was observed when the s o i l was 
i r r i g a t e d with undiluted (100$) soap fac tory effluent 
followed by 75$, 50$ and 25$ of the e f f luen t . The concen-
t r a t i o n of the water-soluble s a l t s increased with the 
increas ing eff luent concentrat ions as did the e l e c t r i c a l 
conduct ivi ty and the pH of the s o i l . 
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The per cent changes in the composition of the so i l 
i r r i g a t e d with 100$ soap factory eff luent were recorded to 
be 61.53, 55.99, 62.06, 132.48, 3.80 and 23.41*/for organic 
mat te r , calcium carbonate, ammonia-nitrogen, sodium, phos-
phorus and potassium conten t s , r e spec t ive ly whereas 25$ of 
the soap fac tory eff luent brought about the l ea s t changes, 
i . e . 19.23, 10.66, 13.79, 40.48, 1.09 and 7.59$ in the 
concentra t ions of the above parameters , r e spec t ive ly as 
compared to the con t ro l . The pH, e l e c t r i c a l conductivity 
and water-soluble s a l t s were enhanced t o 8.80, 935.0 micro-
1 -1 
mhos cm" and 87.58 meq kg a f t e r the i r r i g a t i o n with 100$ 
eff luent and t o 8.50, 865.0 micromhos cm" and 76.25 meq 
kg" a f t e r i r r i g a t i o n with 25$ e f f luen t , r e spec t ive ly . 
The concentra t ions of water-soluble s a l t s , calcium 
carbonate, potassium, phosphorus, sodium, ammonia-nitrogen 
and organic matter in t he pot s o i l s in which kidney bean 
(Phaeeolus aureus) and tomato (Lycopersicum esculentum) p lan t s 
were grown and which were i r r i g a t e d with the same eff luent 
concentra t ions (100$, 75$, 50$, 25$ and 0$) were found to 
be lower than those in the pot s o i l s without p l an t s (Tables 
7.2 and 7.3) showing thereby, the uptake of these n u t r i e n t s 
by the p l an t s from the s o i l s (Table 7 . 3 ) . The phenomenon 
of uptake of the n u t r i e n t s by t he p l an t s from the i n d u s t r i a l 
and sewage e f f luen t s through the s o i l s has been reported 
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e a r l i e r "by several workers (Rajannan and Oblisamy, 1979; 
Thabaraj et a l . , 1964; Fe ig in et a l . , 1979; Palazzo and 
Jenkins , 1979; Vaisman et a l . , 1981). I t was also observed 
tha t the uptake of these n u t r i e n t s was higher by the kidney 
bean p l an t s than the tomato p lan t s (Table 7 . 3 ) . 
The analyses of the upper s o i l (down to 5 cm depth) 
and the sub-so i l (below 5 cm) of the pots i r r i g a t e d with the 
same concentra t ions of the soap factory eff luent was also 
carr ied out (Tables 7.4 and 7 . 5 ) . The higher values of the 
water -soluble s a l t s , e l e c t r i c a l conduct iv i ty , calcium car -
bonate, potassium, phosphorus, ammonia-nitrogen, sodium and 
organic mat ter were found in the upper s o i l s than in the 
sub- so i l s showing thereby tha t t he s o i l s can be u t i l i z e d as 
a f i l t e r media (Bouwer, 1970; DeVries, 1972; Young et a l . , 
1975). 
The e f fec t s of the var ious concentra t ions of the 
soap factory eff luent on the germination and the growth of 
the two crop p lan t s (kidney bean and tomato) have been 
i l l u s t r a t e d in Table 7 .6 . The germination in the water 
i r r i g a t e d (control ) pots was 100# ( a l l the seeds germinated) 
for both the crops. The germination of the kidney bean and 
tomato seeds was r e s t r i c t e d to 90$ and 8C$», respec t ive ly 
when 100$ eff luent was used for i r r i g a t i o n . The germination 
was a lso delayed in the s o i l s i r r i g a t e d with 100$ and 75$ 
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effluent whereas it was normal in the soils irrigated with 
50$ and 25$ effluent. The plants during germination are 
more susceptible to the soil water relationship while in 
later stages they may cope up with adverse conditions. The 
delay in germination may be attributed to the considerable 
effluent salinity (Thakre et al., 1982). During the germi-
nation the plants take up water to hydrolyse the stored 
food material and activate the enzymatic action. The water 
is absorbed by osmosis, therefore the salt content outside 
the seeds may act as a limiting factor which may be a pro-
bable reason for germination delay (Truog, 1951). The 
reduced germination in the case of undiluted effluent may 
also possibly be due to the absence of sufficient amount 
of oxygen in the soil air since the unstabilized effluents 
may undergo decomposition in the soil with the help of 
soil organisms. Due to the high demand for oxygen of the 
undiluted effluent, the oxygen in the soil air may soon be 
exhausted and there is every likelihood of the development 
of anaerobic conditions. During these periods, the amount 
of carbon dioxide which may be produced will be toxic to 
the germinating seeds (Thaharaj et al., 1964). 
Considering the data obtained (Table 7.6) for plant 
growths, the 100^ effluent retarded the growth of both the 
crop plants. However, the shoot lengths and the number and 
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size of leaves were found maximum in the plants grown in 
the soil irrigated with 50$ effluent for both the crops. 
Bernstein and Hayward (1958) have pointed out that increased 
accumulation of soluble salts and hence the increased 
osmotic pressure is related to the degree of growth inhibi-
tion. Eaton (1942) and Hayward and Wadleigh (1949) have 
also supported the view that reduced water availability 
induced by high osmotic pressure of the root medium was the 
factor restricting the growth of the plants. Kling (1958) 
also has observed progressive inhibition in the growth of 
tomato plants with increasing salinity. 
The shoot/root ratio for the two crop plants was 
also determined (Table 7.6) but no clear cut relationship 
could be established between the shoot/root ratio and the 
increasing concentrations of the effluent. 
TABLE 7 . 1 : PHYSICO-CHEMICAL CHARACTERISTICS OF THE SOAP 
MANUFACTURING FACTORY EFFLUENT. 
Colour Grey i sh 
T u r b i d i t y (FTU) 95 .0 
pH 9 .2 
Di s so lved oxygen N i l 
Biochemica l oxygen demand 671.0 
Chemical oxygen demand 1085.0 
T o t a l h a r d n e s s 228.0 
T o t a l a l k a l i n i t y 572.0 
Suspended s o l i d s 351.0 
D i s so lved s o l i d s 1468.0 
T o t a l s o l i d s 1840.0 
C h l o r i d e s 206.0 
S u l p h a t e s 135.0 
Potass ium 6.0 
Sodium 7 .0 
Phosphorus 0 .55 
Ammonia n i t r o g e n 0 .20 
Ch lo r ine 
Bromine 
Iod ine 
Chromium 
Copper 
Manganese 
ND 
KB. A l l t h e v a l u e s except c o l o u r , t u r b d i t y and pH have 
been expres sed i n mg 1~ . 
TABLE 7.2: EFFECTS OF DIFFERENT CONCENTRATIONS OF SOAP MANUFACTURING FACTORY EFFLUENT 
ON CERTAIN CHEMICAL PROPERTIES OF POT SOIL. 
Parameters Treatment 
Or ig ina l Control 
So i l (water) Eff luent Effluent Eff luent Eff luent 25$ 50$ 75$ 100$ 
pH 
E l e c t r i c a l conduct iv i ty 
micromhos cm" 
Water-soluble s a l t s 
meq kg"" s o i l 
Organic matter fo 
8.45 
830.0 
68.34 
0.23 
8.40 
(0.10) 
845.0 
(5 .0) 
72.50 (0.80) 
0.26 (0.02) 
8.50 
(0.15) 
865.0 
(9.0) 
76.25 (0.65) 
6.31 
(0.03) 
8.60 
(0.10) 
890.0 
(6.0) 
80.25 (1 .20) 
0.33 (0.01) 
8.65 
(0.05) 
910.0 
(10.0) 
83.40 (0.50) 
0.37 
(0.03) 
8.80 
(0.75) 
935.0 
(9.0) 
87.58 (1 .50) 
0.42 
(0.01) 
% Change i n organic mat te r 19.23 26.92 42.30 61.53 
Calcium carbonate $ 0.70 
# Change in Calcium carbonate 
Ammonia-nitrogen $ 0.025 
$ Change in Ammonia-nitrogen 
0.75 (0 .22 ) 
0.029 (0 .002) 
0.83 (0 .18 ) 
10.66 
0.033 (0 .001) 
13.79 
0.90 (0 .08 ) 
19.99 
0.038 
(0 .001) 
31.03 
1.10 
(0 .07 ) 
46.66 
0.041 
(0 .003) 
51.72 
1.17 
(0 .10 ) 
55.99 
0.047 
(0 .003) 
62.06 
con t inued . . . 
CO 
CO 
TABLE 7 . 2 : con t inued . . . 
P a r a m e t e r s Treatment 
O r i g i n a l C o n t r o l E f f l u e n t E f f l u e n t E f f l u e n t E f f l u e n t 
S o i l (wa te r ) 25# 5C# 75^ 100# 
Sodium 19.70 
mg kg" s o i l 
20.50 
( 1 . 5 0 ) 
28.80 
( 0 . 9 0 ) 
36 .30 
(0 .75 ) 
42 .10 
(1 .20 ) 
47 .66 
(1 .68 ) 
<$> Change i n sodium 40 .48 77 .07 105.36 132.48 
Po ta s s ium 165.0 158.0 170 .0 176 .0 182.0 195.0 
mg kg"1 s o i l ( U 3 5 ) ( 2 * 0 0 ) ( 1 * 6 5 ) ( 2 - 8 5 ) ( 1 ' 6 0 ' 
# Change i n po ta s s ium 7 .59 11.39 15.19 23.41 
Phosphorus 367 .0 
mg kg" s o i l 
% Change in phosphorus 1.09 1.89 2.97 3.80 
370 .0 
( 2 . 6 0 ) 
374 .0 
( 3 . 1 5 ) 
377 .0 
(4 .52 ) 
381 .0 
(3 .75 ) 
384 .0 
(3 .90 ) 
NB. ia Changes r e l a t e t o w a t e r - i r r i g a t e d s o i l a s c o n t r o l . 
S tandard d e v i a t i o n s a r e g i v e n i n p a r e n t h e s e s . 
TABLE 7.3: EFFECTS OF DIFFERENT CONCENTRATIONS OF SOAP MANUFACTURING FACTORY EFFLUENT 
ON CERTAIN CHEMICAL PROPERTIES OF POT SOILS WITH PLANTS. 
(Data represent the mean of five replications) 
Parameters 
Control 
(water) 
Treatment 
Effluent 
25# 
Effluent 
50# 
Effluent 
75# 
E f f l u e n t 
pH 
(KB 
(T 
8.35 (0.10) 
8.40 
( 0 . 1 5 ) 
8.45 
(0.07) 
8.45 
(0 .10 ) 
8.50 
(0.05) 
8.55 (0.05) 
8.60 
(0 .08 ) 
8.60 
(0.10) 
8.70 
(0.04) 
8.75 (0.07) 
E l e c t r i c a l c o n d u c t i v i t y ( 
micromhos cm" -
(KB 
( , 
830.0 (5.0) 
840.0 (5.0) 
855 .0 
(10 .0 ) 
860 .0 
( 5 . 0 ) 
870.0 (5.0) 
880.0 
(15.0) 
885 .0 
( 6 . 0 ) 
900 .0 
(10 .0 ) 
920 .0 
( 5 . 0 ) 
930 .0 
(10 .0 ) 
W a t e r - s o l u b l e s a l t s 
meq kg s o i l 
(KB 
.T 
67.50 
(0 .35 ) 
68.35 (0.18) 
70 .80 
(0 .65 ) 
72.00 
(0.80) 
74.66 (1.10) 
76 .40 
(0 .70) 
79.10 (0.50) 
80 .30 
(0 .90 ) 
84.35 (0.80) 
85 .55 
(0 .60 ) 
con t inued . . . 
to 
CO 
GO 
TABLE 7.3: continued ... 
Parameters 
Control 
(water) 
Treatment 
Effluent 
25$ 
Effluent Effluent 
75$ 
Effluent 
100$ 
Organic matter $ 
(KB 
(T 
0.22 
(0.03) 
0.23 
(0.05) 
0.27 
(0.07) 
0.27 
(0.07) 
0.27 
(0.04) 
0.29 
(0.02) 
0.32 
(0.09) 
0.34 
(0.05) 
0.37 
(0.07) 
0.39 
(0.06) 
Calcium carbonate $ 
(KB 
(T 
0.71 
(0.15) 
0.72 
(0.10) 
0.77 
(0.30) 
0.79 
(0.20) 
0.85 
(0.18) 
0.83 
(0.05) 
1 .03 
(0.10) 
1.05 
(0.20) 
1 .11 
(0.10) 
1.13 
(0.05) 
Ammonia-nit rogen 
(KB 
T 
0.020 
(0.006) 
0.023 
(0.004) 
0.026 
(0.002) 
0.028 
(0.003) 
0.030 
(0.007) 
0.033 
(0.005) 
0.036 
(0.003) 
0.038 
(0.005) 
0.041 
(0.004) 
0.042 
(0.007) 
Sodium 
_1 
mg kg soil 
(KB 
(T 
18.30 
(0.60) 
18.70 
(0.80) 
25.50 (1 .20) 
25.90 
(0.70) 
31 .80 (0.50) 
32.20 
(0.70) 
36.15 (1.10) 
37.00 
(0.40) 
44.75 (0.90) 
45.50 (1.20) CO CO 
continued . . . 
TABLE 7.3: continued ... 
Parameters Treatment 
C o n t r o l 
(wa te r ) 
150.0 
(1 .00 ) 
150.0 
(1 .30 ) 
360 .0 
(1 .50 ) 
362 .0 
(1 .70 ) 
E f f l u e n t 
25$ 
162.0 
(2 .10 ) 
164.0 
( 2 . 5 0 ) 
366 .0 
(2 .40 ) 
365 .0 
(0 .90 ) 
E f f l u e n t 
50$ 
166.0 
(3 .00 ) 
169.0 
(1 .70 ) 
369 .0 
(2 .60) 
371 .0 
(2 .00 ) 
E f f l u e n t 
75$ 
176.0 
(1 .60 ) 
179.0 
( 1 . 9 0 ) 
374 .0 
(1 .80 ) 
377 .0 
(1 .10 ) 
E f f l u e n t 
100$ 
190.0 
(1 .50 ) 
191.0 
(1 .70 ) 
378.0 
(1 .50 ) 
379 .0 
(1 .90 ) 
Potassium 
mg kg" soil 
Phosphorus 
mg kg soil 
(KB 
( 
I. 
'KB 
NB. Standard deviations are given in parentheses, 
KB = Kidney bean 
T = Tomato. 
CD 
TABLE 7.4: EFFECTS OF DIFFERENT CONCENTRATIONS OF SOAP MANUFACTURING FACTORY EFFLUENT 
ON CERTAIN CHEMICAL PROPERTIES OF POT UPPER SOIL. 
(Data represent the mean of five replications) 
Parameters 
PH 
E l e c t r i c a l conduct iv i ty 
micromhos cm" 
Water-soluble s a l t s 
meq kg s o i l 
Organic mat ter $ 
Control (water) 
8.35 (0.20) 
850.0 
(10.0) 
70.35 
(1.25) 
0.24 
(0.03) 
Eff luent 
25# 
8.55 (0.10) 
880.0 
(5.0) 
79.00 
(2.00) 
0.33 
(0.05) 
Treatment 
Eff luent 
50^ 
8.65 (0.05) 
920.0 
(5.0) 
85.55 (2.20) 
0.37 
(0.04) 
Eff luent 
75$ 
8.75 (0.10) 
930.0 
(15.0) 
87.25 
(1.85) 
0.41 
(0.03) 
Eff luent 
100$ 
8.90 (0.10) 
960.0 
(10.0) 
93.43 
(0.97) 
0.47 
(0.05) 
$ Change in organic matter 37.50 54.16 70.83 95.83 
Calcium carbonate % 
# Change in calcium carbonate 
0.77 (0.18) 0.87 (0.20) . 
12.98 
0.96 
(0.10) 
24.67 
1.19 1.25 (0.05) (0.08) 
54.54 62.33 
continued . . . 
ro 
TABLE 7 .4 : continued . . . 
Parameters 
Control 
(wat er) 
Treatment 
Effluent 
25/o 
Eff luent 
50$ 
Eff luent 
75$ 
Eff luent 
100$ 
Ammonia-nitrogen $ 
$ Change in ammonia-nitrogen 
0.032 (0.002) 0.039 (0.006) 
21 .87 
0.045 (0.004) 
40.62 
0.051 (0.003) 
59.37 
0.056 
(0.005) 
75.00 
Sodium 
1 - 1 mg kg s o i l 
$ Change in sodium 
21.70 
(1.68) 31.50 (1.10) 
45.16 
39.85 
(1.85) 
82.94 
46.50 
(1.05) 
114.28 
50.66 
(1.90) 
133.45 
Potassium 
mg kg" s o i l 
$ Change in potassium 
153.0 
(1.50) 
176.0 
(2.20) 
181 .0 
(3.50) 
186.0 
(2.50) 
203.0 
(1.95) 
15.03 18.30 21 .56 32.67 
Phosphorus 
mg kg s o i l 
$ Change i n phosphorus 
375.0 
(5.60) 
378.0 
(3.80) 
0.79 
385.0 (1.80) 
2.66 
390.0 (1.50) 
3.99 
394.0 
(3.20) 
5.06 
NB. $ Changes r e l a t e to w a t e r - i r r i g a t e d s o i l as c o n t r o l . 
Standard dev i a t i ons are given in pa ren theses . 
ro 
TABLE 7 . 5 : EFFECTS OF DIFFERENT CONCENTRATIONS OF SOAP MANUFACTURING FACTORY EFFLUENT 
ON CERTAIN CHEMICAL PROPERTIES OF POT SUB-SOIL. 
( D a t a r e p r e s e n t t h e mean of f i v e r e p l i c a t i o n s ) 
P a r a m e t e r s 
pH 
E l e c t r i c a l c o n d u c t i v i t y 
mic romhos cm"" 
W a t e r - s o l u b l e s a l t s 
meq kg s o i l 
O r g a n i c m a t t e r $ 
C o n t r o l 
(wa t e r ) 
8 . 4 0 
( 0 . 1 0 ) 
8 4 0 . 0 
( 5 . 0 ) 
7 2 . 8 0 
( 0 . 8 5 ) 
0 . 2 7 
( 0 . 0 5 ) 
E f f l u e n t 
25$ 
8 . 4 5 
( 0 . 0 5 ) 
8 5 5 . 0 
( 5 . 0 ) 
7 2 . 8 0 
( 0 . 3 5 ) 
0 . 2 7 
( 0 . 0 4 ) 
T r e a t m e n t 
E f f l u e n t 
50$ 
8 . 5 5 
( 0 . 1 5 ) 
8 7 0 . 0 
( 1 0 . 0 ) 
7 6 . 7 0 
( 0 . 1 8 ) 
0 . 3 0 
( 0 . 0 3 ) 
E f f l u e n t 
75$ 
8 . 6 5 
( 0 . 1 0 ) 
9 0 0 . 0 
( 1 5 . 0 ) 
7 9 . 5 4 
( 1 . 2 0 ) 
0 . 3 4 
( 0 . 0 1 ) 
E f f l u e n t 
100$ 
8 . 8 5 
( 0 . 1 0 ) 
9 1 5 . 0 
( 1 0 . 0 ) 
8 2 . 6 0 
( 0 . 8 0 ) 
0 . 3 8 
( 0 . 0 3 ) 
$ Change i n o r g a n i c m a t t e r 0.00 11.11 2 5 . 9 2 40.74 
Calcium carbonate $ 
it> Change in calcium carbonate 
0.72 
(0 .15 ) 
0.80 
(0 .20 ) 
11 .11 
0.85 (0 .18 ) 
18.05 
1 .00 
(0 .05 ) 
38.88 
continued 
1, 
(0 
48, 
* ' 
.07 
.10) 
.61 
• . 
ro 
CO 
TABLE 7 . 5 : con t inued . . . 
P a r a m e t e r s 
C o n t r o l 
(wa te r ) 
Treatment 
E f f l u e n t 
25?S 
E f f l u e n t 
5Cffo 
E f f l u e n t 
759* 
E f f l u e n t 
100$ 
Ammonia-nitrogen <fi 
<$> Change i n ammonia-n i t rogen 
0.027 (0.002) 0.029 (0 .003) 
7.40 
0.031 
(0.001) 
14.81 
0.033 
(0.003) 
22.22 
0.045 (0.004) 
66.66 
Sodium 
mg kg" s o i l 
% Change i n sodium 
19.60 
(1 .47 ) 
25.60 
(0 .95 ) 
30.61 
32.15 (1.80) 
64.03 
37.30 
(1.90) 
90 .30 
44.16 
(1.70) 
125.30 
Potass ium 
mg kg s o i l 
io Change i n po t a s s ium 
161.0 
(1 .74) 
166.0 
(1.54) 
3.10 
170.0 
( 1 . 9 8 ) 
5.59 
177.0 
(2.00) 
9.93 
188.0 
(1.19) 
16.77 
Phosphorus 
_1 
mg kg s o i l 
i» Change i n phosphorus 
367 .0 
(2 .60 ) 
368 .0 
( 3 . 7 0 ) 
371 .0 
(3 .90 ) 
377 .0 
(4 .70 ) 
0.28 1.08 2.72 
382.0 (1.90) 
4.08 
NB. % Changes r e l a t e t o w a t e r - i r r i g a t e d s o i l as c o n t r o l . 
S tandard d e v i a t i o n s a r e g iven i n p a r e n t h e s e s . 
TABLE 7.6: EFFECTS OF DIFFERENT CONCENTRATIONS OF SOAP MANUFACTURING FACTORY EFFLUENT 
ON THE GERMINATION AND GROWTH OF PLANTS. 
Parameters 
Control 
(water) 
Treatment 
Effluent 
25$ 
Effluent 
50$ 
Effluent 
75# 
Effluent 
^00f° 
Average time taken for 
germination (days) 
(KBS 
( 
(TS 
6 
8 
6 
8 
6 
8 
7 
9 
8 
10 
Germina t ion <%> 
| KBS 
!TS 
100 
100 
100 
100 
100 
100 
100 
80 
80 
70 
Average shoot l e n g t h (cm)( 
(KBP 
(TP 
11.50 
9 .50 
12 .30 
9 .90 
14.00 
10.50 
12.10 
9.00 
10.40 
8.30 
Average root length (cm) ( 
(KBP 
(TP 
9.50 
5.80 
8.30 
5.60 
8.40 
6.10 
8.30 
6.20 
8.60 
6.10 
continued . . . ro 
en 
TABLE 7.6: continued ... 
Parameters 
Control 
(wat er) 
1.21 
1.63 
8 
10 
Eff luent 
25# 
1 .48 
1.76 
8 
10 
Treatment 
Eff luent 
50# 
1 .66 
1.72 
11 
12 
Eff luent 
75$ 
1.45 
1.45 
8 
8 
Eff luent 
100$ 
1.20 
1.36 
6 
6 
Shoot/root ratio 
Average number of 
leaves per plant 
(KBP 
( 
(TP 
(KBP 
( 
(TP 
NB. KBS = Kidney bean seeds; 
TS = Tomato seeds; 
KBP = Kidney bean plants; 
TP = Tomato plants. 
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Short Technical Communication 
Quality of Ganges River in Uttar Pradesh 
and Bihar 
MOHAMMAD AJMAL,* AZHAR A. NOMANI* and 
MUJAHID A. KHAN* 
Introduction 
Public concern has been voiced in 
the recent years about the pollution of 
rivers in India in general and of the 
Ganges in particular. The worst 
culprits for the degradation of water 
quality of Ganges are community sewage, 
partiallly burnt and unburnt dead bodies 
cremated on its banks. The share of 
industries in the total pollution load is 
small but not so insignificant. Bharti et 
al,1 have studied the role of microflora 
in the assessment of pollution level of 
Ganges River at Kanpur. Samples of 
algae and fungi were collected and used 
as a pollution monitor. This communica-
tion deals with physico-chemical charact-
eristics of Ganges water at six sampling 
stations in Uttar Pradesh and two 
stations in Bihar. 
Description of Study Area 
The Ganges River arises from the 
snow clad Himalayan heights. From hills 
it pours out onto the land on and across 
Uttar Pradesh, Bihar and Bengal. Tra-
velling about 2523 Km it finally merges 
into the Bay of Bengal. Eight important 
cities were selected as sampling stations 
for the monitoring of extent of water 
pollution. They are Narora, Kannauj, 
Kanpur, Fatehpur, Allahabad, Varanasi, 
Patna and Monghyr. The cities described 
above have no adequate sewage treat-
ment system. The untreated sewage and 
industrial wastes are dumped into the 
Ganges. 
Collection and Analysis of Samples 
Water samples were collected at 
five points at each sampling station on 
two occasions (summer and winter) in 
the calender year 1981 in plastic bottles. 
The samples were collected from and 
around the mid-stream of the river at all 
sampling stations. All parameters were 
determined as per Standard Methods* 
using Hach model DR/EL 4 spectropho-
tometer. 
Results and Discussion 
The data indicated minimum temp-
erature in winter and maximum in 
summer throughout the river monitored. 
The river maintained an alkaline pH at 
all sampling stations and ranged between 
8.10±0.5-8.9±0.19. The maximum pH 
8.9 ±0.19 was registered at Kanpur 
downstream probably due to discharge of 
industrial effluent and sewage drain situ-
* Environmental Research Laboratory, Chemistry Section, Z, H. College of Engg. & Tech.> 
Aligarh University, Aligrh 202001, INDIA. 
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ated along the bank of Ganges. Concen-
tration of dissolved solids varied from 
station to station depending upon the 
discharge of sewage to the receiving 
water. However, it was observed that as 
the river travelled down stream, the 
concentration of dissolved solids was 
higher. Obviously, down stream at 
Kanpur and Varanasi were richer in 
total solids as compared to the upstream 
(before entering the city area). 
Both chloride and sulphate showed 
a very wide range of fluctuation. Mini-
mum value for chloride and sulphate 
ions were 9.0 ± 2.2 mg l-1 and 6.5 ± 1.3 
mg l-1 at Kannauj and Narora, respect-
ively, whereas tne maximum values 
were 36.5 ± 7.1 mg 1- x and 42.0 ± 8.0 
mgl-1 at Varanasi and Allahabad respe-
ctively. This wide range of variation is 
certainly due to variation in the volume 
of industrial and sewage effluent poured 
into the Ganges. Chlorine, bromine and 
iodine remain undetected. 
The total hardness of Ganges river 
was highest at Patna and Monghyr and 
lowest at Kannauj. Values of Nitrate-
nitrogen and nitrite-nitrogen were found 
in the range of ND-0.072 and ND-0.003 
mg I-1, respectively. The highest conc-
entration of nitrate-nitrogen was found 
at Allahabad and nitrite-nitrogen at 
Varanasi. 
The deoxygenation of river water 
by the discharge of sewage or industrial 
effluent is a problem and depends mainly 
on temperature. However, due to fast 
flow and abundance of water, depletion 
of oxygen contents in the Ganges river 
was very low. The dissolved oxygen was 
observed in the range of 7.25 ± 0.62-
8.9 ± 0.04 mg 1-*. Lowest dissolved oxy-
gen was found at Kanpur down stream 
showing magnitude of pollution. It was 
observed that the river again maintained 
its dissolved oxygen at Allahabad 
showing its capacity of self purification. 
The high rate of self purification was 
probably due to the fast flow of the river 
and taking oxygen from the surface3. 
Low BOD and COD and higli dissolved 
oxygen almost at all sampling stations 
clearly revealed that river is devoid of 
organic pollution except at Kanpur, 
Allahabad (Sangam) and Varanasi where 
organic matter was responsible for 
maximum pollution in the river. 
Conclusion 
The Ganges river is highly polluted 
at Kanpur, Allahabad (sangam) and 
Varanasi, moderately at Fatehpur, Patna 
and Monghyr and comparatively less 
polluted at Narora and Kannauj from 
the point of view of organic pollution. 
The self purification phenomenon of 
the river is satisfactory. 
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ABSTRACT 
The w a t e r s o f t h e u p p e r G-anga. c a n a l , d i s c h a r g e d c o o l i n g w a t e r a n d 
t h e m a c h i n e w a s h i n g s o f 5 30 MW K a s i m p u r c o a l f i r e d t h e r m a l p o w e r 
p l a n t w e r e a n a l y s e d f o r d i f f e r e n t p a r a m e t e r s l i k e c o l o u r , t u r b i -
d i t y , pH, t o t a l a l k a l i n i t y , t o t a l d i s s o l v e d s o l i d s , c h l o r i d e , 
s u l p h a t e , n i t r i t e , n i t r a t e , n i t r a t e - a m m o n i a , d i s s o l v e d o x y g e n , 
b i o c h e m i c a l o x y g e n demand a n d c h e m i c a l o x y g e n dernana . M e t a l s z i n c , 
l e a d , c a d m i u m , i r o n , c h r o m i u m , c o p n ^ r , n i c k e l , c o b a l t a n a 
m a n g a n e s e w e r e a l s o d e t e r m i n e d i n u p s t r e a m , down s t r e a m , d i s -
c h a r g e d c o o l i n g w a t e r , m a c h i n e w a s h i n g s , s e d i m e n t , p l a n t a n d 
f i s h o f t h e c a n a l . The c o n c e n t r a t i o n s o f Zn, P b , (Jd, F e , G r , Uu, 
N i , Go a n d Mn i n t h e u p s t r e a m , d o w n s t r e a m , c o o l i n g e f f l u e n t a n d 
m a c h i n e w a s h i n g s w e r e f o u n d i n t h e r a n g e 4 4 . 4 - 2 0 4 , 1 . 3 3 - 2 6 , 
0 . 2 7 - 1 . 7 , 4 9 - 2 0 8 , 1 3 . 5 2 - 1 7 6 . 1 1 . 5 - 7 9 , 4 . 1 - 9 , 4 - 3 . 1 and 4 2 - 6 8 u g / l ; 
i n t h e s e d i m e n t s 5 6 . 4 - 1 3 3 , 1 . 2 2 - 2 8 , 0 . 8 - 1 . 6 , 9 4 3 8 - 1 0 5 9 5 , 1 4 . 2 - 1 2 8 , 
1 3 . 6 - 1 5 . 0 , I a . 4 - 2 1 , 7 . 3 - 1 6 and 3 2 0 . 7 - 3 9 2 . 2 u g / g ; i n t h e p l a n t s 
2 1 - 2 5 , 1 . 3 - 2 . 3 , 0 . 0 5 - 0 , 0 8 , 4 2 2 - 5 0 4 , 3 . 5 - 1 1 , 6 . 7 - 1 1 . 6 , 3 . 3 - 7 . 9 , 
5 . 1 - 1 0 . 7 and 3 1 - 1 1 9 u g / g a n d i n t h e f i s h 1 2 D . 2 - 1 4 1 . 4 , 2 . 1 - 3 . 8 2 , 
0 . 0 2 3 - 0 . 0 2 8 , 2 3 4 - 2 4 2 . 1 , 1 . 3 - 2 , 7 . 8 - 1 1 . 3 , 2 . 2 - 2 . 9 , 2 . 6 - 3 . 0 a n d 
1 0 8 - 1 1 4 . 6 u g / g on a d r y w e i g h t b a s i s . The s e d i m e n t s o f t h e c a n a l 
w e r e a n a l y s e d f o r pK, c a l c i u m c : : r b o n a t e , o r g a n i c m a t t e r , p o t a s s i u m 
and p h o s p h o r u s . 
I n a d d i t i o n , t n e e f f e c t s o f i n f l u e n t a n d e f f l u e n t w a t e r o n t h e 
p h y s i c o - c h e m i c a l p r o p e r t i e s o f s o i l , g e r m i n a t i o n o f s e e d s a n d 
g r o w t h p a t t e r n o f t h e s l a n t s w e r e o b s e r v e d b u t t h e r e s u l t s w e r e 
f o u n d t o b e i n s i g n i f i c a n t . 
INTRODUCTION 
T h e r m a l p o l l u t i o n i s due t o t n e d i f f e r e n c e i n t h e h e a t c o n t e n t s 
o f i n f l u e n t a n d e f f l u e n t w a t e r s . The p r o b l e m o f t h e r m a l p o l l u t i o n 
h a s a c h i e v e d r r o m i n e n c e b e c a u s e o f t r i e t r e m e n d o u s g r o w t h i n u s e 
o f e l e c t r i c e n e r g y a n d u l t i m a t e l y i n c r e a s e i n c o a l f i r e d 
e l e c t r i c i t y g e n e r a t i n g s t a t i o n s . The a v a i l a b i l i t y of c h e a p c o a l 
h a s s q u e e z e d I n d i a n G o v e r n m e n t t o a d h e r e u p o n c o a l f i r e d t h e r m a l 
power s t a t i o n s . 
The e n o r m o u s u s e o f w a t e r i n t h e c o n d e n s e r s of t n e t h e r m a l p o w e r 
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plants leads to change in temperature and physico-chemical 
properties resulting in positive effects on the aquatic life, The 
ash of coal fired plants and washings of the machines also alters 
the levels of metallic contents of the waterways. 
The effects of the temperature rise on the mortality of fish has 
been reported (Environmental Effects of Producing Power, 1969) 
in which about 700,000 fish were involved. Impacts of power 
plants on the Hudson River striped band (Morone Saxatiles) 
population have been studied by Campbell et al (1977) and found 
to be affected by thermal pollution. Simpson (1981) observed 
insignificant change in numbers of copepods after passage through 
the cooling system. However, significant changes were recorded 
for copepod nauplii and bivalve larvae (decreased) and barnacle 
nauplii (increasedj. Preston (1978) has found that discharge of 
heated water into river was harmful for fish and their eggs. 
The effects of heated effluent from the steam electric station 
on 540 plankton samples from different locations were studied 
(Lorio & Lunceford, 1972). The plant does not appear to affect 
the plankton. However, Enright (1977) has demonstrated destruction 
of large numbers of planktonic larvae from the cooling systems 
of power plant. 
Dreseen et al (1977) have reported the elevated levels of trace 
metals in effluent water contaminated with fly ash as compared 
with intake waters. Increased concentrations of zinc, lead, copper 
and cadmium were monitored in the soil around the power plant 
(wiersma & Crockett, 1978). Similar results were reported by 
Wangen & William (1978). 
The present paper describes the thermal pollution in the upper 
Ganga canal by cooling waters of the 530 MW Kasimpur power plant. 
Elevation of metallic contamination in water, sediment, plant and 
fish by effluent water, machine washings and fly ash are described. 
It is hoped that this paper will provide useful information to 
the scientists engaged in the research on thermal pollution caused 
by the coal fired power plants. 
STUDY AREA 
The upper Ganga c a n a l emerges from t h e Ganga R i v e r a t nardwar and 
merges a g a i n i n t o i t a t Kanpur . Kasimpur power p l a n t i s s i t u a t e d 
i n A l i g a r h d i s t r i c t , 14 km away from E n v i r o n m e n t a l R e s e a r c h 
L a b o r a t o r y , on the bank of u p p e r Ganga c a n a l . Three sampl ing 
s t a t i o n s : 600 m ups t r eam, i n t h e v i c i n i t y of e f f l u e n t d i s c h a r g e 
and 600 m down s t r e a m , were s e t up f o r m o n i t o r i n g o f t he c a n a l . 
F i v e samples each of w a t e r , s e d i m e n t , p l a n t and f i s h , were 
c o l l e c t e d from sampl ing s i t e s . 
MATERIALS & METHODS 
The water of t h e c a n a l , t he d r a i n d i s c h a r g i n g t h e e f f l u e n t water from 
t u r b i n e s and e f f l u e n t s from machine wasnings were a n a l y s e d s e p a -
r a t e l y fo r t h e i r p h y s i c o - c h e m i c a l p r o p e r t i e s ( S t ; n d a r d h e t h o d s , 
1 9 7 5 ) . The c o l l e c t e d samples were a c i d i f i e d w i t h 10 ml HM3 3 on t h e 
s p o t fo r t h e t r a c e m e t a l d e t e r m i n a t i o n . Af t e r r e t u r n t he samples 
were c o n c e n t r a t e d to 10 ml i n t h e l a o o r a t o r y . 20 ml of 
HJJO3: H2S04( 1 : 3) was added and c o n c e n t r a t e d to 10 ml . This 
s o l u t i o n was made u p t o a f i n a l volume of 50 ml w i t h double d i s -
t i l l e d w a t e r and a n a l y s e d by P e r k i n Elmer model 372 Atomic 
A b s o r p t i o n S p e c t r o p h o t o m e t e r . 
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The samples of c a n a l sed imen t were c o l l e c t e d w i t h t h e h e l p of a 
sed iment g r a b b e r . The s ed imen t was d r i e d f o r 43 h a t 37°C and 
p a s s e d t h r o u g h an SO mesh s i e v e and ana ly sed f o r pH, ca l c ium 
c a r b o n a t e , o r g a n i c m a t t e r , p o t a s s i u m and p h o s p h o r u s . The s ed imen t 
samples were d r i e d a t 105°C fo r a f u r t h e r p e r i o d of 48 h b e f o r e 
we igh ing f o r t h e t r a c e m e t a l a n a l y s i s . 20 g of t h i s sample was 
d i g e s t e d fo r 2 h i n 20 ml of 1:3 (aNO^: H2SO4), b o i l e d , made u p t o 
50ml wi th double d i s t i l l e d water and f i l t e r e d . The sample was aga in 
t r e a t e d s i m i l a r l y and f i l t e r e d . Both t h e f i l t r a t e and washes were 
c o n c e n t r a t e d to 50 ml and a n a l y s e d for m e t a l s by AAS. 
The samples of t h e submerged p l a n t s were c o l l e c t e d from each 
s a m p l i n g s t a t i o n . The p l a n t s were washed on t h e s p o t and p r e s s e d 
g e n t l y to remove t h e soaked w a t e r . Af te r r e t u r n to t h e l a b o r a t o r y 
samples were washed w i t h d i s t i l l e d w a t e r . The p l a n t s were d r i e d 
a t 105°G t o a c o n s t a n t w e i g h t . 5 g of t h i s m a t e r i a l was d i g e s t e d 
i n hWOj, c o n c e n t r a t e d and t h e n t r e a t e d w i t h H2SO4. HGIO4 was added 
and aga in c o n c e n t r a t e d upto 10 m l . The d i g e s t was made u p t o 50 ml 
w i t h d i s t i l l e d w a t e r and a n a l y s e d f o r t r a c e m e t a l s by AAS. 
The f i s h s a m p l e s , c a p t u r e d from c a n a l were d r i e d a t 80°C i n a 
s i l i c a b a s i n . The d r i e d f i s h was grounded i n an a g a t e and m o r t a r . 
5 g of t he grounded f i s h was weighed i n t o a round bot tom f l a s k 
and d i g e s t e d fo r 4 h wi th 20 ml o f HNO3 u n d e r r e f l u x . The s o l u t i o n 
was c o o l e d . 5 ml of 1:1 (V/V) HNO;5:HC104 was added and r e f l u x e d 
a g a i n fo r 4 ho This s o l u t i o n was d i l u t e d to 50 ml w i t n d i s t i l l e d 
wa te r and a n a l y s e d by AAS for m e t a l c o n t e n t s . 
RESULTS & DISCUSSIONS 
The l o c a t i o n of 530 MW Kasimpur t n e r m a l power p l a n t and s a m p l i n g 
s t a t i o n s on t h e uppe r Ganga c a n a l a r e i l l u s t r a t e d i n f i g . 1 . 
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KASIMPUR THERMAL POWER PLANT 
F i g . 1 . S k e t c h diagram of upper tianga c a n a l and 
Kasimpur Thermal Power P l a n t showing main 
s o u r c e s of c o n t a m i n a t i o n and s a m p l i n g 
s i t e s . 
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The only source of heat add i t i on to the canal i s from the Kasimpur 
power p l a n t . Analysis of cool ing discharge i n d i c a t e d an average 
6-lQ°C r i s e in water temperature a f t e r pass ing through condensers . 
The amount of water withdrawn from the canal for cooling purposes 
i s approximately -565 X 6 Ips which i s roughly 10 percent of the 
t o t a l flow of trie canal waters (85,000 l p s ) . The temperature of 
the canal was repor ted to be h ighes t during the c los ing per iod of 
canal for c l ean ing . During t h i s per iod temperature rose upto 44°0 
and f ishes of var ious s i z e s and belonging to d i f f e r e n t species 
were seen f l o a t i n g on the water su r face . 
Temperature a f fec ted near ly every physico-chemical property of the 
canal water (Table 1 ) . The s o l u b i l i t y of oxygen decreased from 
9.2 + 0.51 to 7.9 + 0.41 mg/1. Dissolved oxygen in water i s 
necessary to s u s t a i n many forms of aquat ic l i f e . The low s o l u b i l i t y 
of oxygen induced by tempera ture , t o t a l s o l i d s and organic mat ter 
could lead to such low l e v e l s t h a t f i sh could not su rv ive . Consi-
derable controversy ex i s t over what l eve l of oxygen are amenable 
to f i sh l i f e . Environmental P ro t ec t ion Agency has recommended 
minimum 4-5 mg/1 for warm water species and 5-6 mg/1 to cold water 
s p e c i e s . Eff luents from washes of machines were a l s o respons ib le 
for lowering oxygen content of the down stream. 
High q u a n t i t i e s of so l ids seem to play an important ro le i n dep l e -
t i n g the d i sso lved oxygen of the stream. Eff luents from washings 
of machines and bear ings were respons ib le for e l eva t ion of ch lo r i de , 
su lpha te and phosphate c o n t e n t s . The water downstream was found 
to be s l i gh t l y more a lka l ine than upstream. Low biochemical oxygen 
demand and chemical oxygen demand showed streams devoid of organic 
p o l l u t i o n . 
The analys is of the sediments showed tha t the amounts of calcium 
carbonate , organic mat ter , potassium and phosphorus were high a t 
the downstream followed by near cooling e f f luen t and lowest a t the 
upstream of the canal (Table 2 ) . These r e s u l t s were an t i c ipa t ed 
because the thermal power plant pours considerable amounts of organic 
matter and f ly ash in to the s t ream. 
The present s tudy was a lso designated to monitor t race e lements . 
The important f ac to r for the a v a i l a b i l i t y of t h e t r ace elements 
i n the water and sediments was pH. The pH of the canal was i n the 
range of 8 . 5 - 8 . 9 . Hetzner (1977) repor ted pH 7 s u i t a b l e for the 
s o l u b i l i t y of metals and s o l u b i l i t y decreased with the inc rease 
i n pH. Because the pH of the canal was much higher therefore i t 
was expected t h a t metals might be p r e c i p i t a t e d i n t o sediments . 
The leve ls of z inc , l ead , cadmium, i ron , chromium, copper, n i c k e l , 
cobal t and manganese were i n the order : machine washings'^ cool ing 
effluent"^ downstream^? upstream. 
The sediments of the canal contain 4.1-6.1% calcuim carbonate. Popova 
(1961) has shown t h a t heavy metal carbonates of low s o l u b i l i t y are 
el iminated from so lu t i on as a r e s u l t of calcium carbonate p r e c i p i -
t a t i o n . Patchineelam (1975) has demonstrated the p r e c i p i t a t i o n of 
cadmium, copper and zinc along with CaC03 i n the Elbe r i v e r e s tua ry 
as a r e s u l t of the mixing of the normal water with a lka l ine 
e f f luent from an i n d u s t r i a l p l a n t . Because Kasimpur thermal power 
p l an t d ischarges a lka l i ne e f f luen t and a l k a l i n e water of canal 
i t s e l f might have played an important r o l e i n p r e c i p i t a t i n g metals 
i n t o the form of carbonates and so they are p re sen t in the sediments. 
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TABLE 1 . P h y s i c o - c h e m i c a l c h a r a c t e r i s t i c s of Upper lianga Canal 
w a t e r , Cool ing w a t e r and Washings 
Pa ramete r 
Temperature 
°C 
Colour 
Turbidity 
(FTU) 
PH 
Total 
alkalinity 
Total di-
ssolved 
solids 
Chloride 
Sulphate 
Total 
Phosphate 
Nitrite 
Nitrate 
Nitrate 
Ammonia 
DO 
B0D(5 day) 
COD 
Cana l Cana l 
u p s t r e a m downst ream 
16+1 .0 
C o l o u r -
l e s s 
12+3.5 
8.5+.14 
135+11 
19+2.9 
Grey 
20+4.9 
8.6+0.5 
139+12 
138+10.2 180+12.1 
* 
21+6.7 24+4.9 
13.1+1.1 20.1+1.8 
0.28+p»03 0 . 6 5 + 0 . 0 4 
ND ND 
0 .006+ 
0 . 0 0 1 " 
ND 
0„019+ 
0.004~ 
0.02+0.001 
9.2+0.51 7.9+0.41 
4.5+1.31 2.2+1.43 
6.2+1.8 5.02+1.61 
Cool ing 
wa te r 
22+2.0 
C o l o u r -
l e s s 
13+4.1 
8.7+0.07 
88+9 
121+9.8 
27+7.2 
14.5+1.3 
Washings Washings 
o f b e a r i n g of machines 
22+2.1 
O i l y 
18+6.6 
8.9+0.04 
186+15 
17+3.2 
B l a c k 
25+8 .8 
8 .8+1 .2 
172+13 
158+11.3 1720+89.5 
64+8.3 21+7.1 
140+13.8 26+1.3 
0 . 2 8 + 0 . 0 3 0 . 3 6 + 0 . 0 4 0 . 4 5 + .038 
ND 
0.007+ 
0 . 0 0 1 -
ND 
8.5+0.53 
2.2+1.22 
4.8+1.32 
ND 
0.014+ 
0 .002-
ND 
0.017.+ 
0.002 
0.62+0.001 0.01+0.00 
7.6+0.53 4.2+0.50 
2.1+1.30 30.5+1.61 
5.5+1.7 47.4+4.42 
A l l p a r a m e t e r s e x c e p t c o l o u r , t u r b i d i t y and pH 
a r e e x p r e s s e d i n m g / 1 . 
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TABLE 2. Physico-chemical c h a r a c t e r i s t i c s of Sediments 
S i t e 
Upper Ganga 
Canal 
(upstream) 
Upper Ganga 
Canal 
(downstream) 
Upper Ganga 
Canal (near 
cool ing 
eff luent) 
PH 
7.35 
8.35 
8.30 
Calcium 
carbo-
n a t e % 
4 .1-5 .3 
4.6-6.1 
4.4-5.7 
Organic 
mat ter 
0 .594-
0 .633 
0 . 6 1 1 -
0 .692 
0.60 3-
0 . 6 6 3 
Avai l -
able 
K 
mg/kg 
s o i l 
48-52 
168-172 
108-112 
Avai l -
ab le 
P 
mg/kg 
s o i l 
192-208 
702-719 
101-119 
No.of i n d i 
vidua1 
samples 
analysed 
5 
5 
5 
TABLE 3. Concentrat ion of meta ls i n t h e canal waters and 
g f f l u e n t s of Kasimpur Thermal Power P lan t yug/l) 
S i t e 
Upper Ganga 
Canal 
(upstream) 
Upper Ganga 
Canal 
( downstream) 
Cooling 
Eff luent 
Machine 
Washings 
Cr 
13.52-14.1 
22.3-25.9 
171-176 
165-169 
Zn 
44.4-47.O 
62.65-71 
76-89 
191-204 
Cu 
11.5-13.2 
14.02-16.1 
17-32 
46-79 
Pb 
1 .27- ' . 4 
1.33-2.0 
24-26 
17-22 
Ni 
4 .1 -6 .0 
6 .6 -8 .0 
5 .0 -6 .8 
6 .0 -9 .0 
Cd 
0.27-0.51 
0 .32-0 .8 
1.4-1.7 
1.0-1.05 
Co 
6.6-7 .2 
7 .4-8 .1 
18-21 
4 .0-6 .6 
Fe 
49-79 
95-142 
35-115 
90-208 
Mn 
44.5-52.3 
57-68 
42-46 
56-64 
SA 
5 
5 
5 
5 
SA: Number of i n d i v i d u a l samples analysed 
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TABLE 4 . C o n c e n t r a t i o n of m e t a l s i n t h e s e d i m e n t s c o l l e c t e d a t 
v a r i o u s s i t e s a l o n g t h e c a n a l Cug/g) 
Pb Cd Fe 
3-15 0 . 8 - 1 . 1 9438-9501 .0 
1 . 2 2 - 1 . 6 ND 10438-10510.0 
24-28 1.1-1.6 10558-10595 
Go Mn SA 
11.0-13.1 358-361.2 5 
7 .3 -8 .8 320.7-331.1 5 
14.2-16.0 375.5-392.2 5 
SA: Number of individual samples analysed 
Moreover, Krauskopf (1955) has reported adsorption of cations on 
the organic substance. Rashid (1974) has shown adsorption of meta-
l l i c contents on organic matter and settling on the river muds. 
This may also be one of the causes of high trace metal levels in 
the sediments. 
The data of the chemical analyses of plants and fish are i l lus t ra t -
ed in the Table 5 on the dry weight basis. Plants are known to 
accumulate metals (Burton & Peterson, 1979; Say et al , 1981). The 
levels of metals in the plants collected from the downstream were 
higher as compared to the upstream. High levels of iron, manganese 
and zinc.moderate copper and chromium and low concentrations of 
cadmium were found. The submerged plants of the canal due to their 
quality to accumulate various metals maybe used as a good indica-
tor of trace metal flushed by power plant. 
Fish of Palestine lake have been reported (Atchison et a l , 1977) 
polluted by cadmium and zinc due to industrial pollution. We found 
the fish contaminated by al l the metals they were analysed for. As 
far as levels of zinc, lead and cadmium were concerned, the fish 
were more contaminated than plants. But high levels of iron, 
chromium, copper, nickel, cobalt and manganese were found in the 
plants as compared to the fish. This shows a high uptake of these 
metals by plants from sediments. Moreover, plants collected from 
the downstream were high in trace metal levels than collected from 
upstream. This clearly indicates that Kasimpur thermal power plant 
was the only source responsible for the elevation of trace metal 
contamination in the water, sediment, plant and fish. 
Site Zn 
Upper Ganga Canal qq_i?1 
(600 m upstream) 
Upper Ganga Canal 
(near Cooling 56.4-61.0 
effluent 
Upper Ganga Canal
 1r)r2; 1 ^ ^ 
(600 m downstream) '^-'-^ 
Cr Cu Ni 
50-52 38-40 18.4-21.0 
1 4.2-16-81 3.6-1 5 19-2-22.3 
123-128 46-53 22.1-24.3 
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TABLE 5 . C o n c e n t r a t i o n of metals 
from ups 
Kas impur 
S i t e 
P l a n t s : ( U p p e r 
Ganga Canal 
ups t r eam) 
P l a n t s : ( U p p e r 
Ganga Canal 
downstream) 
F i s h : ( U p p e r 
Ganga Canal) 
Cr Cu 
3 . 5 - 7 . 2 6 . 7 - 9 . 3 
9.9-11.0 1 0 . 0 - 1 1 . 6 
1 . 3 - 2 . 0 7 . 8 - 1 1 . 3 
3 i n t h e p l a n t s and 
t ream and downstream c a n a l i n t h e 
Thermal Power 
Zn 
2 1 . 0 - 2 3 . 5 
2 3 . 9 - 2 5 . 0 
1 2 9 . 2 - 1 4 1 . 4 
Ni 
3 . 3 - 4 . 0 
5 . 5 - 7 . 9 
2 . 2 - 2 . 9 
P l a n t Cug/g) 
Pb Cd 
f i s h c o l l e c t e d 
v i c i n i t y of 
Fe 
1 . 3 - 1 . 5 ND 4 2 2 . 0 - 4 4 6 . 0 
1 . 9 - 2 . 3 0 . 0 5 - 0 . 0 8 
2 . 1 - 3 . 8 2 0 . 0 2 3 -
0 . 0 2 8 
Go Mn 
5 . 1 - 6 . 8 8 1 . 0 - 9 7 . 1 
8 . 8 - 1 0 . 7 104-119 
484-504 
234 .0 -242 .1 
SA 
5 
5 
2 . 6 - 3 . 0 108-114 .66 5 
SA: Number of i n d i v i d u a l samples a n a l y s e d 
I n a d d i t i o n , t h e e f f e c t s of i n f l u e n t and e f f l u e n t w a t e r s on t he 
p h y s i c o - c h e m i c a l p r o p e r t i e s o f t h e s o i l was o b s e r v e d and a s i x 
week s t u d y h a r d l y showed any r e m a r k a b l e change i n the c o m p o s i t i o n 
of s o i l . The e f f e c t s of 100%, 75%, 50%, 25% and 0c/i ( c o n t r o l ) 
d i l u t i o n s o f c o o l i n g e f f l u e n t on t h e g e r m i n a t i o n and growth 
p a t t e r n of k i d n e y bean and p e a r l m i l l e t were m o n i t o r e d . The r e s u l t s 
found were i n s i g n i f i c a n t . S p e c i f i c methods have b e e n demons t r a t ed 
f o r u s ing warmed condense r c o o l i n g wa te r f o r a g r i c u l t u r a l p u r p o s e s 
b u t t h e r e s u l t s were i n s i g n i f i c a i x t (Be r ry & M i l l e r , 1974) . E f f e c t s 
of s o i l h e a t i n g on c rop p r o d u c t i o n were a s s e s s e d fo r a number o f 
p l a n t s and v e r y few were a f f e c t e d . 
CONCLUSION 
Analyses of t h e u p s t r e a m , downst ream, c o o l i n g e f f l u e n t and 
washings showed t h a t downstream was r i c h e r i n m e t a l c o n t e n t s t h a n 
t h e ups t r eam of t h e c a n a l . E l e v a t e d l e v e l s of m e t a l s i n t he 
s e d i m e n t s and p l a n t s samples of downstream were due t o t h e 
m e t a l l i c c o n t a m i n a t i o n i n j e c t e d by t h e Kasimpur t h e r m a l power 
p l a n t . F i s h were a l s o found t o be c o n t a m i n a t e d by the m e t a l s . 
A p p a r a n t l y t h e r e was no e f f e c t of c o o l i n g w a t e r on t h e c o m p o s i t i o n 
of s o i l , g e r m i n a t i o n of s e e d s and growth p a t t e r n o f p l a n t . 
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POLLUTION IN THE OANGES RIVER, 
INDIA 
M. Ajmal, Azhiir A. Nomwii and Mujahid A. Khan 
Environmental Resemrrn Lmbontory, Chemistry Section, 
Zekir Husam Coliege of Engineering * Technology. 
A liter* Muslim University. Ahgarh 202001. India 
ABSTRACT 
T h * physico-chemical charac ter is t i cs of Ganges River water and d is t r ibu t ion of nine metals in 
the submerged plant and f ish has been studied. The parameters colour, tu rb id i t y , t o la ! 
dissolved solids, pH , to ta l a lka l in i t y , ch lor ide, sulphate, phosphate, N O . - N , N O ? - N , dissolved 
oxygen, b iochemical oxygen demand and chemical oxygen demand showed that at various 
sampl ing stat ions de ter io ra t ion in the qual i ty of water 8t downstream is severe. However, 
due to a se l f -pu r i f i ca t i on phenomenon, s igni f icant increase in the dissolved oxygen at the next 
sampl ing s ta t ion was noted. A high f l uc tua t ion in the accumulat ion of metals in th*> 
submerged plants ( r ' icchornia Crassipes) and f iah (Heteropnuestes Fossil is) was found f rom orw 
sampl ing s ta t ion to another due to domest ic sewage and industr ia l e f f luent discharged into r iver. 
The ranges of concentrat ions of meta ls in f ish were as fo l lows: cadmium 0.0! -0.09; cobalt 
5. 5-10.6; ch romium 5.2-2)00; copper 5.9-59.2; i ron 46 5-1875; manganese 441-1880; nickel 
5.6-2.5.3; lead 3,4-13.7; and zinc 17.8-232.5. In plants the ranges were , on a dry mat te r basis; 
cadmuim 0-0.28; cobal t 0.67-7.25; chromium 1.9-24.9; copper 4.6-11.3; i ron 134-1614; 
manganese 1.41-7.4; n icke l 111.7-161.7; lead 3.6-21.2; and zinc 131-556. 
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»JTROOl.>CTION 
Publ ic concern has been voiced in the recent years in India about the pol lut ion of r ivers m 
general and of the Ganges River in par t icu lar . The r iver is supposed to he sacred by la rg* 
inhabi tants of India and a dip is considered as a sin washer. The worst culpr i ts for the 
degradat ion of water qual i fy of the Ganges are communi ty sewage and par t ia l ly burnt and 
unburn! dead bodies c remated near its bank. The share of industr ies In the to ta l pol lut ion load 
is also s ign i f icant . 
Algae ami submerged plants const i tu te trie base of many aquatic food chains and are thus 
important to aquatic communi t ies . Algae and submerged plants were used as the indicators of 
t race elements <n a number of surveys. E levated levels of C.<i, D r , Cu and Pb were observed in 
stivers! species of plants f rom a stream swa.mp system below (ne ash pood of the Savannah 
River (Fv«r» and Gieav, 1978). N icke l is known to be eccumuiateo by alqcie iSkaar «t a|, I97 i ) j 
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Trol lopc «ni1 f \an<!, I ' ' / ! *1 . I'he uptake of Tp by the root of agnat ic p lants q ren t l y increased 
l e w i s in the shoots ' , I > U K T , ) ' ' 7 7 \ Keu lde r (l<->76) r epo r ted the uptake of 7inc was enhanced 
in tt*e p lants when clas was present nt solute c o n c e n t r a t i o n of f "e , C u , P O ^ or M q . The 
concent ra t i on of Zn . ( M . Ph and Ho. in mar ine algae is repo r ted t o dec l ine over a six m o n t h 
period when p lants were t ransp lan ted f r om a con tamina te r l t o p r i s t i ne area (Myk les tead , 1978). 
The studies of F m p a i n (1^7(0 have shown tha t the input of heavy me ta l s to large r i vers of 
Bi Iq ium and f i a n c e causes de f i n i t e increase in submerged mosses. 
n>e t race meta ls are genera l ly t a^en up i n t o ' t h e human body v ia the gas t ro - i n t es t i na l t r a c t 
through d r i nk ing wa te r and food. The quest ion of heavy meta ls in f resh wa te r f ish became an 
issue onlv in the Sixt ies when serious mercu ry c o n t a m i n a t i o n was d e t e c t e d in Sweden and la ter 
in Canada V k e f o r s et a l , 1970). The so ca l led M i n a m a t a ( F u j i k i , 1972: Ku t suna , 1968; 
Tsubaki , 1971) and I t a i - I t a i (Mura ta et a l , 1971) diseases were caused apparen t l y by me rcu ry 
and cadmium con tam ina t i on in the aquat ic e n v i r o n m e n t , i t has been suggested by many 
workets tha t aquat ic species should be used as the indicators for the monitoring of fresh water 
and mar ine e n v i r o n m e n t . Go ldberg (197^) has suggested mussels as a trace meta l indicator in 
the mar ine env i r onmen t . Sturesson (1976, 1978) found enough cadmium and lead concentration 
in U.e s ta l l s of M y t i l u s Edul is . 
I t appears f r o m the survey of l i terature that no systematic a t tempt hss been made to study 
the po l l u t i on of the Ganqes R ive r and the available data is scanty. Bharti et a l . (1980) has 
studied the role of microflora in the assessment of the pollution in the Ganges River . Ajmal et 
al (2982) has repor ted c o n c e n t r a t i o n of various metals in the water and sediments of the 
Ganges River and found that industrialisation, coupled with the population explosion and 
unplanned sewage disposal system contributed significantly to the metal l ic pollution in the 
river. 
This paper deals with our investigations on the organic and inorganic monitoring of waters and 
accumulation of metals in the submerged plants and fish of the Ganges River in India. 
M A T E R I A L S A N D M E T H O D S 
The sampling stations in the Ganges River were chosen f rom a pristine area to a highly 
polluted area. There were nine samplinq stations f rom Narora to Monghyr which covers about 
1100 kilometres down stream. A 20 k i lometre stretch upstream to downstream was covered 
for each sampling station and five samples of water , submerged plants and single fish samples 
were collected from each site. 
The water samples were collected from and around the mid-stream of the river at all sampling 
stations. All" parameters were determined as per Standard Methods (1973) and using Hach 
model D R - t l / 4 spectrophotometer. 
The plants (Eicchornia frassipes) were collected and washed several t imes in river water at the 
spot to remove adhered stpecies of invertibrates and large particles of mud. Af ter return to 
the labora tory each sample was rinsed thoroughly with the distilled water . The plants were 
dried at Ui'j C l o a constant weight. Five gm of this mater ia l was digested wi th 6N H N O . , 
concentrated and ttien treated with H <iOft. For the last step H C 1 0 , was added, again 
concen t ra ted and made up to H) ml eno" analysed by atomic absorption spectrophotometer 
A common fish in the Ganqes (Heterspnuestes Fossilis) was captured by n e t / i d e n t i f i e d , and 
then dried at 10!/ C in a silica basin. The dried fish were grounded in an agate pestle end 
mortar and stored. One qm of dry fish was weighed, placed in a round bottom flask and 
digested lor four hours wi th 10 ml of concentrated H N O , under ref lux. The solution was 
cooled, 10 ml of 1:1 (v/v) H N O y H C l O was added ond reftuxing continued for a further four 
hours. The solution was again cooled, made up to bO m l and used for meta l determination by 
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TaMe 1 Riy»teo-Cham»caJ Charactartatle* of Gangn fttvwr Watan *t Various Stattana 
(1»1) 
Station 
Parameters 
Colour 
; Temperature !
 (°C) 
PH 
Total 
Otsaolved 
Solids 
Turbidity 
(FT U) 
Hardness 
Total 
Alkalinity 
Chloride 
Sulphate 
Phosphate 
N O . - N 
N 0 2 - N 
Iodine ) 
Bromine ) 
Chlorine ) 
DO 
; BOD -
I j 
j COO 
j 
Narora 
Colourless 
(Colourless) 
21.212.1 
(28.3*3.3) 
8.70*0.14 
(8.80*0.235 
175.0*23.5 
(124.0*40.2) 
7.2*1.9 
(7.0*0.7) 
141.0*17.6 
(122.0*21.7) 
174.0 410.0 
(189.4*20.0) 
9.2 41.5 
(9.9 ±3.8) 
6.5*1.3 
(6.7*2.4) 
0.42 *0.02 
(0.47*0.03) 
ND 
(ND) 
ND 
(ND) 
8.7*0.24 
(8,2*0.32) 
5.2 ±1.77 
(5.61*0.41) 
6.7*1.7 
(6.5±1.4) 
Kamauj 
Colour leaf 
(Colourless) 
20.5*2.6 
(28.6*2.9) 
8.70*0,21 
(8.75*0.19) 
300.0*48.0 
(271.0*61.0) 
8.0*2.2 
(6.0*2.2) 
128.0*16.2 
(131.1*11.3) 
181.0*14.4 
(192.0*22.1) 
9.0 ±2.2 
(13.0*3.6) 
8.0*1.8 
(11.0*2.2) 
0.40*0.01 
(0.42*0.00) 
ND 
(ND) 
ND 
(ND) 
8.9*0.04 
(8.1*1.1) 
4.9*1.34 
(.4.8*1.71) 
6.9±2.4 
(6.2*2.7) 
Kanpur 1 
Upstream 
Colourless 
(Colourless) 
20.1 1I.8 
(28.5*5.0) 
8.70*0.13 
(8.80*0,20) 
278.0*29.8 
(243.0*28.0) 
8.0*2.8 
(6.5*2.3) 
136.0*13.0 
(145.0*12.1) 
182.0*11.0 
(211.0*5.4) 
10.0*3.5 
(14.0*5.0) 
13.0*2.6 
(15.0±3.8y 
0.42*0.01 
(0.45*0.02) 
ND ' 
(ND) 
ND 
(ND) 
8.5*0.91 
(7.8*0.96) 
5.42*0.67 
(5.85*2.10) 
10.2*5.64 
(10.8*2.10) 
T 
i Downstream 
! Greyish j 
(Blackish) 
20.3*2.0 ! 
j (28.7*1.8) j 
8.7510.15 
(8.90*0.19) 
i 350.0162.0 j 
j (394.0*81.0) ' 
! 14.0*6.1 j 
j (16.0*5.3) ! 
! 173.0*17.7 
j (176.2*16.0) : 
! 183.0*13,3 ; 
I (201.0*6.6) , 
! 17.0*6.0 
j (23.0*7.5) 
j 16.5*4.0 
i (18.0*5.0) 
| 0.40*0.00 
| (0.42*0.03) 
1 0.06 
j (0.02) 
i 0.002 
j (ND) 
1 
! ND 
;
 7.25*0.62 ' 
i (6.80*1.80; .. 
6.87*1.51 
; (7.11*0.97-
' 12.04* 5.61 
: (14.12*2.01) 
NISA 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 . 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 i 
5 i 
! 5 ; 
1 
5 * 
5 
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T«bl«1 cont'd. 
Station 
Parameters 
Colour 
Temperature ( C) 
pH 
Total dissolved 
solids 
Turbidity (FTU) 
Hardness 
Total Alkal ini ty 
Chloride 
Sulphate 
Phosphate 
N 0 3 - N 
N 0 2 - N 
Iodine ) 
Bromine ) 
Chlorine ) 
DO 
BOO 
COO 
1 
Tntehpur 
Greyish 
(Light-blue) 
19.7±2.6 
(28.3±3.2) 
8.65 ±0.13 
(8.80 ±0.09) 
330.0±41.8 
(281.0±31.8) 
9.0 ±3.3 
(7.5 ±2.1) 
171.2*11.0 
(173.3*9.8) 
191.0*8.6 
(207.0*4.8) 
15.0*4.4 
(18.0*6.6) 
20.0*4.8 
(26.2*5.8) 
0.50*0.02 
(0.48*0.00) 
NO 
(NO) 
ND 
(NO) 
7.8*1.1 
(7.2*1.1) 
4.75*1.72 
(5.04*1.02) 
8.0*1.1 
(7.2*2.3) 
Allahabad 
Ganga 
Colourless 
(Colourless) 
9.3*2.2 
(8.9 ±3.4) 
8.10*0.05 
(8.25*0.22) 
260.0*62.1 
(343.0*79.0) 
11.0*7.2 
(13.5*8.8) 
156.0 ±18.4 
(166.0*20.6) 
188.0*16.1 
(203.4*6.1) 
25.0*5.8 
(31.0*8.1) 
36.5*6.7 
(41.1*7.1) 
0.46*0.01 
(0.51*0.01) 
NO 
(ND) 
ND 
(ND) 
8.4*1.6 
(7.9*2.0) 
4.6*1.6 
(4.9*2.31) 
7.1*2.1 
(6.2*1.7 
Sangam 
Greenish 
(Greenish) 
19.5*3.3 
(28.6*2.8) 
8.25*0.10 
(8.4040.18) 
346.0*54.0 
(424.0*94.0) 
8.0*3.0 
(9.9*4.6) 
143.0*19.2 
(151.0*18.0) 
198.0*16.8 
(201.7*10.7) 
35.0 ±8.9 
(41.0*9.2) 
42.0*8.0 
(47.3*9.3) 
0.44*0.00 
(0.43*0.01) 
0.07 
(0.06) 
0.002 
(0.002) 
8.3*1.4 
(6.9*1.6) 
4.0*0.82 
(5.71*1.50) 
9.4*2.5 
(8.5*0.35) 
NISA 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
I I ! 
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Station 
Parameters 
Colour 
,• Temperature 
(°C> 
pH 
Total 
Dissolved 
Solide .;'-
Turbidity 
(FTU) 
Hardness 
Total 
Alkal in i ty 
Chloride 
Sulphate 
Phosphate 
N O j - N 
N 0 2 - N 
Iodine ) 
Bromine ) 
Chlorine ) 
DO 
BOD 
COD 
Varanasl 
Upstream 
Colourless 
(Colourless) 
20.1 *2.3 
(29.1*1.8) 
8.35*0.08 
(8.40*0.09) 
371.0*58.2 
(311.0*41.0) 
9.0*2.9 
(6.6*1.8) 
142.0*9.0 
(149.0*13.3) 
184.0*9.2 
(201.4*7.7) 
30.0*5.6 
(34.0*6.0) 
26.0*3.8 
(29.2*3.6) 
0.43 ±0.01 
(0 .46*0 .04 ) 
ND 
(ND) 
ND 
(NO) 
8.7*0.83 
(7.2 ±0.56) 
4.2 ±1.64 
(5.0 ±3.10) 
7.4*1.1 
(6.3 ±2.0) 
Downstream 
Greyish 
(Blackish) 
20.4*1.9 
(29.4*2.3) 
8.30*0.12 
(8.45*0.17) 
489.0*63.3 
(434.0*51.0) 
18.0*8.6 
(15.8*5.5) 
144.0*15.0 
(168.6*16.1) 
180.0*11.0 
(197.4*7.0) 
36.5*7.1 
(41.0*8.0) 
27.0 ±4.0 
(33.4 ±6.1) 
0.52 ±0.03 
(0 .54*0 .01 ) 
0.06 
(0.01) 
0.003 
(0.001) 
8.1 ±1.0 
(7.0 ±0.92) 
4.0 ±1.21 
(6.01 ±2.90) 
11.7*5.1 
(10.2*2.3) 
Patna 
Colourless 
(Colourless) 
20.6*2.8 
(30.3*2.6) 
8.45*0.11 
(8.60*0.12) 
460.0*43.6 
(406.0*29.3) 
3.0*1.1 
(2.5*0.8) 
160.0 ±18.8 
(166.0*13.0) 
182.0*13.3 
(190.3*12.5) 
21.0*3.0 
(24.0*3.2) 
11.0*1.7 
(14.4*3.3) 
0.45*0.02 
(0 .49*0 .00 ) 
ND 
(ND) 
ND 
(ND) 
7.6± 0.56 
(7.1*0.83) 
5.83*1.17 
(4.91 ±1.00) 
9.48*1.2 
(8.00 ±2.4) 
Monghyr 
Colourless 
(Colourless) 
20.6*34 
(29.7 *2.8) 
8.45*0.16 
(8.55*0.07) 
450.0*39.0 
(394.0*55.0) 
2.0*0.9 
(1.8*0.5) 
157.0*10.4 
(151.3*14.4) 
189.0*12.8 
(204.5* 9.8) 
18.0*3.8 
(22.0 ±3.5) 
8.2*2.0 
(12.813.1) 
0.49*0.01 
(0.4410.03) 
ND 
(ND) 
ND 
(ND) 
7.85*0.73 
(7.20*1.30) 
5.02*1.13 
(5.71*2.10! 
8.77±0.7 
(8.03± l.O 
NfSA 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
i 
* 
1 
i 
5 : 
5 
S 
S : 
j \ 
L ..,-... J 
1. All values except colour, turbidity and pH, are given in mg 1 
2. Summer values ere given in parentheses. 
3. ND = Not detectable. 
4. NISA * Number of individual samples analysed. 
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RFSUI TS A N D oir>cussioN 
Trw sampling stations along ttie river are Illustrated In Figure 1 and the physico-chemical data 
are presented in Table 1. !"he rates of f|ow at each of the sampling stations are as follows:-
Snmptirtq Sites 
Narora 
Kannnui 
Kanpur 
Fatehpur 
Allahabad 
Varanasi 
Patna 
Monghyr 
Rate of r low 
321 
1542 
1679 
1725 
1870 
4120 
5693 
7248 
This data indicated a temperature of 19°C in winter and 28.9°C in the summer throughout the 
river monitored. The river maintained an alkaline pH at all the sampling stations and ranged 
between 8 .10-0 .05 - 8 . 9 - 0 . 1 9 . The maximum pH 8 .9 -0 .19 was found at Kanpur down-
stream probably due to discharge of industrial eff luent and sewage drains situated along the 
bank of the river. Kanpur is one of the greatest industrial towns, having a high population 
density for northern India. The concentration of dissolved solids varied from station to station 
depending upon the availabil ity of sewage to receiving water; however, it was observed that 
the further ttte river travelled downstream the higher the concentration of dissolved solids. 
Obviously, downstream water at Kanpur and Varanasi was richer in total solids as compared to 
upstream (before entering the ci ty). 
The chloride and sulphate ions showed a very wide range of f luctuat ion. Minimum values for 
chloride and sulphate were 9 . 0 - 2 . 2 mgl" and 6.5 - 1.3 m g f at Kannauj^ and Naoora 
respectively, whereas the maximum values were found 36.5 - 7.1 mgl and 4 2 . 0 - 8.0 mgl at 
Varanasi and Allahabad respectively. This wide range is certainly due to variation in the 
volume of industrial and sewage effluent poured into the flange. 
Total hardness of the river water was found highest at Patna and Monghyr and lowest at 
Kannauj. Values of Nitrate-nitrogen and Ni t r i te-ni t rogen were found in the range of NO - 0.07 
and NO - 0.00J mgl" respectively. The highest concentration of Nitrate-ni trogen was found 
at Allahabad and Nitr i te-ni t rogen at Varanasi. However, the authors were unable to detect 
ammonia due to some technical di f f icul t ies. 
The (ieoxygenation of river water by the discharge of sewaqe or industrial eff luent is a 
problem and of course tempnr.ature dependent. However, due to fast flow and abundance of 
water, depletion of oxygen contents in the Ganges River was very low. The dissolved oxygen 
was observed in the range of 7.25 •*- 0.62 - 8.9 -*- 0.04 rngf . Lowest dissolved oxygen was 
found at Kanpur downstream showing tlie magnitude of pollution. It was observed that the 
river again maintained its dissolved oxygen at Allahabad showing its capacity of self-
pori f icai ion. The high rate of self-puri f icat ion was probably due to the fast flow of the river 
and taking oxygen from tlie surface (Klein, 1957). Low liOO and COD and hiqh dissolved 
oxygen almost at all sampling stations clearly revealed that the river is devoid of organic 
pollution except at Kanpur, Allahabad (r>anqam) and Varanasi where organic matter was 
responsible for maximum pollution in the river. 
T t * data of chemical analyses of plants are presented In Table 2. Zinc and cadmium 
concentrations were highest in the plants collected from downstream of Kanpur. Kanpur c i ty 
has a big fert i l izer factory which discharges its eff luent into the river. It is known (Khan at 
si, 1981) Lee A Keeney, 1975) that commercial fert i l izers are responsible for up valuation of 
cadmium and zinc in water and sediments. The uptake of zinc and cadmium from sediment 
and water to the plant is obvious so are elevated levels in the plants collected from 
downstream a* compared to upstream at Kanour. However, there was not even a t inale site 
P^l hi< **>» R i v e r , I n d i . i 
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where cadmium remains undetected in the submerged plants. Nickel was found to be in the 
range of 5 . 6 - 1 . ) - 23.3 uqg" at t l * various sites of the river. Accumulation In the 
freshwater algae was found to be a growth inhibitor, even at veryJow concentrations (Spencer 
end Greene. 1981). Copper was noted highest ( 39 .2 -7 .3 ugg" ) at Varanasi followed by 
Kanpur and Monghyr. Copper in the lower concentrations had been used for control of noxious 
growth of algae in the aqueous systems (Sutton et al, 1972). It has been reported (Kronfled and 
Navrot, 1974) that transient levels of metals as a result of effluent or drainage from an 
industrial complex were responsible for elimination of bio-mass from the associated 
waterways. 
Chromium levels in the plants were highest at Kanpur where a large number of tanneries are 
situated. There seems to be a correlation between availability of iron and manganese. At all 
the sites where iron was in abundance manganese was also detected in large quantities. 
Submerged plants from Varanasi, Patna and Monghyr sites were found to be rich in iron and 
manganese. 
The concentration of metals in the fish are given in Table 3. The fish from the Ganges River 
were found to have higher levels of lead in the range of 3.83 - 21.16 ugg' . The highest lava! 
of lead was found in the fish from Kanpur. Philips (1979) found concentration of lead 20 — 5 -
2 0 2 - 7 2 ugg" in the Mytilus Edulis. Recently Menasveta (1981) has reported substantial 
amounts of lead in the mullets of four river mouths in Thailand. The maximum cadmium 
concentration detected was 0.28 ugg" from Kanpur fish. WHO (1972) recommended that 
dietary cadmium intake be limited to 400 - 500 ug per week. Hence, the concentration of 
cadmium in the fish of the Ganges River is within the WHO limits, so is reported by Atchison 
et al (1977). 
The concentrations of iron and manganese were found in the range 74.0 - 1614 ugg" and 28.33 
- 161.66 ugg , respectively. The concentration of zinc in fish was generally uniform except 
at Allahabad. There were no exceptionally high concentrations of copper. The concentration* 
of nickel and cobalt fell within the range 1.41 - 7.41 and 0.67 - 7.25 ugg" respectively. 
CONCLUSION 
The river is highly polluted at Kanpur, Allahabad and Varanasi, moderately at Fatenpur, Patna 
and Monqhyr and comparatively less polluted at Narora and Karmauj as far as organic pollution 
is concerned. The self-purification character of the river is appreciable. The submerged 
plant, due to its quality to accumulate various metals, may be used as a good indicator of 
trace metal pollution in the river. The levels of cadmium In the fish from the Ganges River 
were too low to cause any disease (Smith et al, 1981). However, the concentations of lead in 
the fish are high and its accumulation in the body may cause lead poisoning, provided it is 
consumed regularly. The concentration levels of zinc, cadmium, chromium, copper and 
manganese are in the range where they can hardly pose any .health hazard if consumed through 
fish. 
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Table 2 Concentration* of Heavy Metals in Submerged Plants f rom the Gannaa River (uq a, ) 
Col lect ing 
Stations 
Narora 
Kannauj 
Kan pur 
(upstream) 
Kanpur 
(downstream) 
Fate hour 
Allahabad 
Varanasi 
.upstream) 
Varanasi 
(downst ream) 
Patna 
(upstream) 
Patna 
downsteam) 
Mon.-jhyr 
2n 
25.2 ±5.0 
17.8*3.2 
178.2*31.7 
232.5*47.5 
30.5 ±2.3 
49.5*9.2 
147.5*26.9 
34.8*4.5 
27 .9 *3 .9 
148.4*29.1 
35.8*5.3 
Pb 
4.8 ±1.0 
4 .0±1 .1 
9.8*2.7 
13.7*3.1 
11.9*1.4 
3.4*0.9 
7.7*0.85 
9.6*3.6 
6 . 0 * 1 . 5 
9.2*2.0 
5.5*0.71 
-1 
Cd 
0.02* 0.007 
0 .01*0.009 
0.04 ±0.001 
0.05 *0.003 
0.02 ±0.001 
0.01 ±0.003 
0.02*0.005 
0.04*0.004 
0.08*0.008 
0.09* 0.009 
0.04*0.002 
Fe 
463.0 ±87.3 
493.0*105.5 
1045.0±1*2.7 
1503.0*211.2 
9«3.0±117.7 
89«.0*135.0 
1873.0±269.2 
1213.0*197.4 
1093.0*161.1 
1377.0*219.8 
923.0*157.3 
NISA 
iP 
Table 2 c o n t ' d . 
Collecting 
Stations 
Naror8 
Karmauj 
Kanpur 
(upstream) 
Kanpur 
(downstream) 
Fatehpor 
Allahabad 
Varanasi 
(upstream) 
Varanasi 
(downstream) 
Patna 
(upstream) 
Patna 
(downstream) 
Mor.qhyr 
Cr 
, , . . , , , . , . , . — . , . • . . , — . . . • . . . 
5.2*1.2 
6.8*1.0 
165.2182.7 
2100.0*258.1 
17.6*4.7 
15.7*4.9 
47.8*9.9 
2)3.6*58.3 
10.2*3.5 
12.7*3.9 
12.8*4.2 
Cu 
10.8*2.4 
5.9*0.9 
19.3*4.7 
24.1* 6.2 
9.6*1.) 
5.2*1.3 
26.8*5.8 
39.2*7.3 
7.1*1.4 
7.9*1.3 
21.5*4.3 
Mn 
1270.0*263.0 
260.0*47.1 
699.4*89.3 
1330.0*272.2 
500.0*70.5 
441.1*71.3 
1650.0*255.0 
1850.0*281.3 
670.0*60.1 
803.0*93.2 
1880.0*252.5 
Ni 
7.1*0.7 
12.8*1.5 
10.1*1.3 
11.9*2.0 
5.8*1.2 
5.6*1.1 
17.0*2.7 
23.3*3.8 
7.4*0.9 
7.9*1.5 
9.4*0.7 
" • • • 
Co 
5.9*1.3 
10.6*2.5 
2.2*0.3 
4.3*1.0 
4.1*0.9 
1.3*0.2 
7.9*2.1 
9.9* 2.4 
6.6*1.9 
6.7*2.3 
6.2*1.7 
- — i 
NISA 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
=
 N^jrnbtr o( individual sample* analysed. 
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ABSTRACT 
The physico-chemical charm -it funics of Gla\o Lahoraiories (India) Ltd 
effluent (GLLE), and the effects oj its discharge directly on fertile ^>iland 
indirectly on k niney hean Phascolus aureus and pearl millet Pennisetum 
typhoidcs crops for ft weeks, were evaluated The GLLE was slightly 
alkaline and had high HOD and ( OD due to the presence oj large amounts 
of solids It was rich in buarbonates and calcium GLLE wasjound to he 
responsible for altering the chemical lompositton of the soil Soil 
irrigated with GLLE showed an increase in pH. organic matter, calcium 
carbonate content, waier-soluhle salts, canon exchange capacity, 
electrical conductivity, nitrogen and phosphorus. Potassium decreased, 
probably due to it being leached to the lower layers of the soil The effects 
of undiluted effluent and of effluent diluted t> i 75 "„, 50 °„ and 25 "„, using 
water irrigation as a control, on the germination and growth of kidnev 
bean and pearl millet were monitored. The undiluted GLLE restricted the 
germination of kidney hean to some extent while that of pearl millet was 
enhanced llHluu GLLE retarded the height of plants of both traps whihl 
25 "„ effluent in k idney bean, and 75 "„ effluent in pearl millet, enhanced it 
considerably 
INTRODUCTION 
Environmental pollution is a world-wide phenomenon. The problem is 
accentuated by rapid industtialisation, which is 1**1 transforming air, 
water and soil into big aetata) reservoirs of dangerous pollutant* 
I 
tmiron f„llui Iff A 014) 1471 M <>»»*», Spt**,t V**w ruhfcdieo I id t •ij|tat*l 
IVM4 Printed in lireat Hnuin 
: M 4/»wi/ Muttihhl « Klxm, 4:ttar A S'omani 
(Hodges. 1973) Of these, soil has a great capacity for receiving and 
decomposing wastes and pollutants ol different kinds. Soils are thus 
efficient purifying media, as suggested by Robeck el al. (1963). Bouwer 
(I9"H)>, DeVnes (1972) and Young ei al (1975) Suspended matter is 
filtered out by ihe soil particles and its organic matter is decomposed by 
the soil microflora Nutrients are utilised by the plants or precipitated out 
by the soil constituents The use of municipal and industrial waste for the 
irrigation of crops is well appreciated (Steel & Beg. 1954). This has 
become an important routine part of urban and industrial waste water 
disposal programmes Such controlled use of waste water can provide 
substantial ecological and recreational benefits (Merz, 1956. Day ei al., 
1972. Gorden el a/.. 1975) 
The present paper deals with the characterisation of Glaxo 
Laboratories India Ltd effluents (GLLfc). an industrial dairy processing 
plant, and their effects (in pot culture) on certain physico-chemical 
characteristic^ of soil, seed germination pattern and growth of two 
common crop plants. It is considered that these studies might be useful for 
agriculture scientists in tropical countries. 
MATERIALS A N D M E T H O D S 
The factory of Glaxo Laboratories (India) Ltd is situated at Man/oor 
Garhi. a ullage 10 km away from AligarhCity in l.'ttar Pradesh. India, i t 
processes milk products, such as powdered milk. 'Complan', 'Glaxose D', 
etc The laboratory has installed a settling tank treatment plant which 
helps in the lowering of the BOD and solids of the effluents. 
The main drain discharging the effluents from the factory receives 
wastes through two routes (i) the major part of the effluents coming from 
the treatment plant: and (u) a comparatively smaller part comprising the 
washings of the containers and the milk overflow The effluent samples 
were collected and brought to the Environmental Research Laboratory 
from sites A (treated). B (untreated) and C (mixture of treated and 
untreated) (Fig I). These were analysed separately for their physico-
chemical properties (Standard Methods. 1975) using an H A C H model 
DR-EL 4 spectrophotometer (Table I). Effluent from site C was used for 
irrigating the soil in the pots. 
Samples of fertile soil were collected from the fields around the 
Environmental Research Laboratory. These were ground, passed through 
£tfea of dairy tffhttni on toil 3 
& ! » • • L»bo'«»0»"t» 
Tr tatmtnt P l a n t 
T.taUd E 'Mu in l 
( A | 
-Untf«*»«<< Erflwtnl 
M u t u r * 0* Tr«*»«a And 
f f l u t M 
- M l l l u ' l U ' " t 
| j u n t r c a l t d C f 
i' (C) 
To Land 
Fig. I . Schematic diagram showing various routes taken by the effluent naming (rum the 
source to the land 
an HO mesh sieve, and analysed for p h . electrical conductivity, water-
soluble salts, cation exchange capacity, organic matter, calcium 
carbonate, nitrogen, phosphorus and potassium contents. 
One kilogram ot ground soil was placed in each of a number of 15cm 
diameter earthenware pots, which were irrigated daily for 6 weeks with 
108%, 75%, 25",, and 0%(d»ltfO)) effluent from siteC Seeds of kidney 
bean Phaseolus aureus and pearl millet Prnnisetum typkokks were sown 
in each pot after surface sterilisation Each treatment was replicated rive 
limes. One set of earthenware pots was kept without plants for each 
concentration to monitor the effect of GLL E on soil alone The effects ot 
HK)"„ effluent and its various dilutions on the physico-chemical 
characteristics of the soil were monitored as recommended (Piper, 1950: 
Subbiah & Asija, l^ 5<> Olsen r* at., I**M ? Mkshtnamurthi A Gupta. 
IV68. Standard UtNktMh, IV75) The effects of the treatments ON the 
properties of soil, on germination of seeds and growth of the plants were 
compared with the effect «»| tap water In addition. the sod ot each treated 
pot with plants was analysed and compared with that of pots without 
-I W tjtnal, Uujahtd A Khun. Azhar A Nomani 
TABLE 1 
Physico-Chemical Characteristics of Glaxo Laboratories Effluents 
Parameter* 
Colour 
Suspended solids 
Total dissolved solids 
P H 
DO 
BOD 
COD 
Bicarbonate alkalinity 
1 i»ul alkalinity 
C arbon dioxide 
C akium 
Chloride 
Chloride 
* hiomatc sodium 
I hrommm hciavalent 
Tosal hardness 
Iron 
Manganese 
Copper 
Magnesium 
Ammom* nitrogen 
Nitrite nitrogen 
Nitrate nitrogen 
Total phosphorus 
Sulphate 
Turbulny 
Treated 
ilfiutnt 
(< ol/n ltd 
from tile A f 
Colourless 
487 0 
mo 
7 8 
21 
6**0 
10! 10 
3030 
3030 
9 5 
1290 
100 
ND 
ND 
ND 
2290 
ND 
ND 
ND 
97 0 
0 25 
ND 
ND 
0 53 
100 
14 0 
Untreated 
effluent 
UolULted 
from site B)' 
Milky 
6V4 0 
3610 
7 9 
1 3 
6980 
11280 
3080 
3080 
120 
1340 
160 
ND 
ND 
ND 
2320 
ND 
ND 
ND 
1010 
frl 
ND 
ND 
125 
170 
1*0 
Mixture of 
treated and 
untreated 
effluent 
(collected 
from site C>* 
Milky 
618 0 
353 0 
7 82 
1 75 
6560 
1086 0 
3040 
3040 
110 
1310 
120 
ND 
ND 
ND 
2310 
N D 
ND 
ND 
1000 
* 2 5 
ND 
ND 
0 8 ) 
140 
160 
' All value* except colour. pH and turbidity arc 
»f-tg I 
ND. Not determined. 
- 1 
FJftct of daity tffftent on toil 3 
plants but having received comparable treatment. The shoot and root 
lengths were measured after 6 weeks. 
RESULTS A N D DISCUSSION 
The physico-chemical characteristics of the effluents collected from sites 
A. B and C arc presented in Table I. Obviously, as compared with the 
treated effluent (A), less dissolved oxygen was found in the untreated 
effluent (B) followed by the combination of treated and untreated effluent 
(C). The BOD was found to be highest in the untreated effluent The 
effluents were slightly alkaline in nature and the amount of ammonia 
nitrogen present was small while nitrate nitrogen and nitrite nitrogen were 
absent. The untreated effluent samples contained more suspended and 
dissolved solids than the treated effluent. Calcium content in the 
untreated GLLE was high After treatment, a reduction in total solids was 
observed due to set (ling in I he treatment plant Phosphorus w as pi escnt in 
small amounts in all three effluents. The metals copper, manganese, iron 
and chromium were absent. 
The soil used for the studies had a pH of 8 3. electrical conductivity of 
3.2 x 10 * mhos cm '. a total soluble salts content of 64 13 rneq kg ' .a 
cation exchange capacity of 29 20 meq kg '.anorganic matter content of 
0 078°„and I 30 "„ calcium carbonate ( fable 2). The soil was deficient in 
organic matier hence the low cation exchange capacity (Alexander, 
l%l ) . It showed a moderate electrical conductivity due to ihc low 
potassium, phosphorus and nitrogen contents of lf>0, 137 0 and. 
21 K nig kg ' soil, respectively. 
Considering the effects «>f the effluent on pot soil without crops, 100", 
effluent brought about spectacular changes in its chemical composition. 
Manifestly, all the parameters except potassium showed an upward trend 
from 25",, effluent to 100% effluent applied to the soil (Table 2) 1 l>e 
mineralisation of the organic matter, as well as the nutrients available in 
the effluent, might be responsible for these observations. Similar result* 
have been reported by Igbouiuunba < 14>72» and Kajannan & Oblixami 
(IV79). 
The available potassium went down considerably, possibly due lo n 
leaching downward to ?hc lower layers {Watson ** al.. \x*ll\ More 
interesting data were obtained when ihc soil with plants wax analysed 
(Table 3) I he total soluble salt* in the soil without plants receiving *S" 
TABl> 2 
Analysis of Pot Soil Without Crops 
(Data represent the mean of five replications) 
r ~ 
utmiumt 
M r t 
IMMTt 
m \ j 
(»'.) 
k m 
( T J V 
1 1 1 
!•«••.. 
m 
•a 
i •? 
I » * * I 
1 4 * 
«•*"«( 
4 45 
( M M ) 
l » 
4»4J4*4 
> « 
««%il 
IJKir** 
HI* IIWH 
« • * » 
* • ' . * *t 
>» 
IM 
(*>9*i 
) M 
• Ml 
3*0 
0 Ml 
MB 
<l » 
M B 
(1 l i i 
•**rr 
» y t 
M*l 
t i t e r * * 
•f •M'l 
44 H 
M ** 
»«•> 
44 91 
|0«3*» 
« « 2 
rt>02t> 
45 45 
rtfOJii 
4*41 
(*«XN 
(MM* 
rKtanfrr 
«•>«*« 
i ilafam 
2*» 
29 *» 
«>«'2> 
» « 0 
(oo*»i 
»«• 
m>»> 
27 70 
«>9«2' 
27 10 
(0*79 , 
(''!«»» 
w » < 
<\> 
0-0'» 
• 0 9 * 
(0 002*1 
0 171 
10 00311 
« 1.47 
(04029) 
• 14* 
(000241 
0 140 
(OOU33) 
frr <*» 
rfcattfi m 
«(•" 
manti" 
32 J2 
3» 3* 
SO 50 
41 41 
(«**» 
f*r*(>Mulr 
l " J 
1 3» 
1 2» 
(OIK 
1 41 
1003*1 
] % 
(0 0401 
1*7 
10 o*fti 
1 ft 
((105*1 
ft* « • * 
<*u»fj n 
r a n * . . 
iir^wwii*' 
4104 
51 »J 
52 71 
54 26 
4i<H(aMr 
mirft* 
(mi pet 
•mm 
•i) MHI) 
21 W 
21 90 
(0 02*) 
22 45 
lO-O.W) 
22 76 
(0-041) 
22*4 
1(30311 
2 ' 17 
(0 034) 
ft i cm 
i-4u*fr m 
otatiohti 
mtros**' 
251 
392 
4*7 
5 7 * 
<t»il«Mr 
pfaispht*nu 
Imt prt 
k thtfrom 
<4 M>|(! 
137 0 
I3*« 
I0 5*» 
144 2 
151 1 
(09*) 
156* 
(1 12) 
162* 
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^?T r# « 
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otwlut )r 
pktnfifwnu" 
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1045 
1447 
14 85 
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p,t<i\,mf* 
iMt/rr 
ktmpmm 
at UMli 
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TABLE 3 
Analysis of Pot Soil With Crops 
(Dau represent the mean of five replications) 
lrtmmml 
Ift iui l nod 
C o n t r o l 
l»*l«T> 
t B u c o l 
( 2 5 - . ) 
f ftjucni 
( 5 0 % ) 
Uf tucM 
( 7 5 " . ) 
k l r W u i 
( 1 0 0 - J 
>H 
its 
1 3 0 
1 4 0 
( 0 0 7 0 ) 
1 4 0 
( f r 0 7 l | 
• 4 5 
(0 06*1 
1 5 0 
« H ) 7 4 ) 
• to 
10 06*1 
rur 
1 30 
1 4 0 
( 0 0681 
1 3 5 
« W S 9 | 
1 4 5 
(0 0 6 3 ) 
I S O 
( 0 0 7 0 ) 
too 
( 0 0 5 6 ) 
Electrical 
condtKinili 
tmtuu 
cm ' x « T * J 
* A S 
3 2 0 
3 3 0 
(1 10) 
3 5 6 
( 0 » 6 ) 
3 5 9 
( 0 1 6 ) 
3 5 9 
1HI3) 
3 6 4 
\<yn\ 
ruts 
3 2 0 
3 2 0 
( 0 9 8 ) 
3 Ms 
( 0 1 3 ) 
3 5 1 
(f>9l> 
3 59 
(1 30) 
3 6 4 
( 0 * 4 ) 
Woter-tombk 
nits 
(mcf ptt 
kilogram 
e)fOil) 
its 
6 4 13 
5 * 7 2 
• (O-03I) 
5 * 4 4 
( 0 0 3 9 ) 
59 20 
| 0 0 3 4 | 
59 4 6 
( 0 0 4 1 ) 
6 0 35 
( 0 0 3 3 ) 
•MS 
6 4 13 
51 W 
(0 -0J9) 
5 9 0 2 
1 0 0 2 6 ) 
59 4 4 
(0-024) 
59 9 9 
I 0 0 M ) 
6 0 6 3 
(0 -036) 
Calnm txcmmp 
ctfmcny 
Imemmrr 
kilogram 
I ml) 
ua 
2 9 - 2 
2 > l 
( 0 0 7 9 ) 
29-1 
10 Wil l 
2 * 7 
( 0 0 6 5 i 
2 1 2 
( 0 O 7 I ) 
27 7 
( 0 0 6 6 ) 
ms 
2 9 2 
2 * 0 
(0-0H4) 
2 1 9 
( f r079) 
2S-4 
( 0 - 0 7 7 ) 
2 1 1 
(0 -067) 
27 3 
«M>73) 
Otfmm 
C 
< J t S 
0 - 0 7 * 
0 0 9 3 
(OUOHl 
< H 2 9 
(0 -0031) 
0 - 1 2 9 
« K » 2 6 > 
a i 4 2 
(O 0 0 3 6 1 
0 1 4 3 
| ( I K I » I 
' mmnrt 
.) 
MtS 
» 0 7 l 
0 - 0 9 * 
( 0 0 0 2 9 ) 
0 1 1 6 
(0 -0034) 
0 1 2 9 
( & 0 0 2 7 ) 
0 1 4 2 
( 0 0 0 ) 2 ) 
0 135 
( 0 0 0 3 0 1 
Cole mm 
cmrmmmm 
C 
K*S 
I 30 
1 II 
( 0 0 9 2 ) 
IM 
1 0 0 5 * 1 
1 9 5 
1 * 0 * 7 ) 
1 9 * 
( f r « * 2 ) 
l » 7 
<oo*», 
U 
rms 
1 30 
1 22 
( • 0 * * ) 
1 * 5 
( • - 0 6 3 ) 
1 9 3 
( 0 O M ) 
^ 9 J 
( • 0 9 1 ) 
19*) 
(»>•» 
Standard donalioo» arc p v n a Damubcm 
•KM • ktiocy bun xak 
• CMS • Pearl •.aid >ogdv 
1,
 mtmnt 
mirvf* 
l " * * " 
kilvgrmm 
•4 ml) 
tts 
21 M 
21 32 
10 0 3 1 ) 
22 15 
( O 0 2 » ) 
22 55 
( • 0 3 1 ) 
22 a 
( 0 - 0 4 J ) 
2 2 M 
K>*J9> 
mts 
21 W 
21 « 
(••«*) 
22 0 * 
i*>o:»» 
22 3* 
(*>«33 | 
22 6 3 
t * « 7 ) 
2 2 * 1 
( • • 2 * ) 
tiottor-tt 
fa.omm.rm 
Xmamtt 
Mtm • * • 
*) W ) 
tax 
1 3 7 * 
1 2 * 1 
r*m 
141 I 
( • 5 * 1 
1 4 * 3 
( • 6 7 ) 
1 5 * 4 
t » * 2 , 
U 7 I 
(Mil 
rw* 
1 3 7 * 
1 2 7 * 
» 5 S ) 
I 3 9 - * 
t » J » > 
( 4 7 3 
(*>31| 
1 5 * 1 
(•*> 
157 1 
turn 
Itmtmttlt 
o*imx*m 
imam,' 
ittv^rum 
m) —*\ 
$M 
• 6 * 
IM 
»m 
6 * 
l 0 * l l 
M 
>0 4 H 
4 4 
•*>*n 
H) 
( • 5 4 1 
MB 
i » * 
1 * 5 
( • 4 3 1 
6 * 
(»»«> 
H 
( • 4 * t 
7 * 
( • 3 1 1 
»• 
( • 4 7 ) 
8 U t/m<il, \luf<thnl 4 Kh<in. Azlmr A. Somanl 
effluent were 64 91 ± 0 034 meq kg ' (Table 2) while the soil with plants 
showed only 5* 44 ± 0-039 meq kg ' lor kidney bean and 59 02 ± 0 026 
meq kg ' tor pearl millet Similar trends were noticed in the 50"„, 75 °0 
and 100% GLlE irrigated soil. Other available nutrients also followed 
this pattern 
From these results it may be inferred that plants consumed water-
solubie salts and available nutrients, resulting in the lowering of these 
parameters as compared with soil irrigated with the effluents without 
plants It i well know n that the organic matter of the soil influences its 
canon exchange capacity (Yuan e(al.< 1967). The decrease in soil organic 
matter in the present experiment (Table 3) was responsible for the 
lowering of its cation exchange capacity due to the two crops grown in it 
compared with the soil without plants. 
The 100" effluent affected the germination of the seeds of the two 
crops differently. It decreased the germination of kidney bean but 
increased that of pearl millet as compared with the respective controls 
irrigated with water Considering the data for shoot and root growth. 
25",, effluent was found to be favourable for the growth of kidney bean 
aivd 75"„ for the growth of pearl millet. It may be noted, however, that 
whereas kidnev bean showed an inhibitory trend in the shoot/root ratio as 
the conccntr.ition oi the GLEE was increased, no clear cut relationship 
could be established in the case of pearl millet plants. The effects of GLLE 
TABLE 4 
Effect of GLLE on the Germination and Shoot and Root Length* of Plant* 
Treatment 
Control 
(tnur) 
Effluent 
t 2S*J 
Effluent 
| 5 0 * J 
Effluent 
t ' S ' J • 
Effluent 
t l W O 
Oef mi 
c Kidney 
bean 
100 
K0 
Ml 
40 
90 
nation 
J 
Pearl 
miilei 
W) 
60 
70 
«o 
too 
1 < J V 
length 
Kulney 
beam 
12 10 
1270 
11 M 
1020 
VK3 
*huot 
Um\ 
Pearl 
mi lie 1 
3 27 
327 
5 7» 
5»5 
531 
Aie'oge ritot 
length icm) 
kiJney 
hetm 
521 
523 
i-U 
5 W 
0 70 
Pearl 
milUl 
• 40 
3*o 
4 7* 
4 0 7 
512 
Skin* root 
ratio 
k.Jmey 
beam 
2 3 
2 4 
2 1 
1 7 
1 4 
Pearl 
mtlUet 
0 5 
on 
12 
Ov 
103 
tflerl «f dairy effluent on toil * 
on seed (termination, growth and shoot/root ratio of the plants are 
presented in Table 4 
Irrigation with the 100 *„ effluent and its various dilutions certainly 
retarded the grow th of the plants compared with the control irrigated with 
mater, except for 25 "„ effluent in the case of kidney bean plants But 50"„, 
75 •„ and 1 0 0 \ effluent enhanced the growth of pearl millet plants and 
was found to be '.IN our able for irrigation. 
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